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PREFACE 


In science nnd technology, nomograins are recognized for ease of 
operation and for the time saved in the repeated solution of mathe- 
matical formulas. The type of nomogram known as the alignment 
chart has won much favor during tiie past two decades. Eugincere and 
scientists should be trained suffidently to understand the mathematical 
theory' and dedgn of nomograms. The material presented in this book 
is intended to pro\dde a good worldng knowledge of the fundamental 
prindplcs. 

Emphasis ja placed upon tlie “geometric method” emploj'od in the 
development of the tlieors' for tlic dcagn of alignment cliarts invoh'ing 
eiiimtion.s of three or more variables. Simple equations ore solved by 
alignment, charts consisting of slraigUUino scales, wJiereas more involved 
equations may ncccssitato the use of “grids,” curved scales, and combi- 
nations of Cartesian co-ordinate cliarts with alignment cbails. 

Once the tiieory is well understood, practical short-cuts arc pre- 
sented to reduce the time required to dcagn a chart. Examples are 
given in the chapter ‘'Praclic.il Short-Cuts.” 

Tiro oliapter on the use of determinants scn’cs os an introduction to 
the "niotihcKl of determinants" wliicli has been well developed bj- such 
writers as d'Oeape, Sorcau, Hewes and Seward, and Allcock and Jones, 

The appendix contains practical examples of alignment charts used 
in the fields of engineering, production, and statistics. 

Tills hook is an outgrowtli of nomography courses offered for manj- 
yoam at both the University of Minnesota and the University of Cali- 
fornia. At present, onc^emeslcr, two-unit, cleclivo courses .are open 
for .«cniors in engineering, phyae.-?, chemisln’, business administration, 
and Giliic-ation. Scient Lsts and practicing enpneere will find no difficulty 
in Iiandling the ninterinl in this book, if they have not forgotten the 
olcinoiils of algebra .and plane ©jometiy and the use of logaritlims. 

For (iiosc who niny develop a keen dcarc to pursue further study in 
tiiR fascinating field of Nomography the selected bibliography will pro- 
vide adequate rcfcreucc material. 
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Chapter One 
INTRODUCTION 


Pictorial representation has proved to bo an effective method iii con- 
veying technical and sena-techirictd infeamation to business and pro- 
fessional persons, to producUon personnel, to 
engineers, and to scientists. 

Our daily newspapers, bu^ess magazines, 
company publications, technicid papi^, etc., 
invariably present graphs and charts which 
quicicly and painlessly disclcse informatiDn 
Idiat would otherwisei’eqnireleagthy descrip- 
tions if presented by iite printed word. F^- 
ures 1, 2, and S are typical of such diarts. 

Fic. I. Fic Chart. 





133 1934 U» 11» 3H; ItM 1333 1940 IWl 1342 13^ 1944 1943 

Fia. 3. Frofiln CItarU 

Tiose engaged ifl lechoiciU work frequeatly employ the Carte- 
(■inn ccMirdinate system for the reprcsentatloD of the rslationship be- 
tween two or more variabtes. For example, the BtralRlifc lino 1/ = 
— 2x + 7 Is reprcsentefl grapliicaiiy by Rgure 4 If s — 2, the value 
of y may be determined by (ollowing the jittowb shown in the figure, 
which yields y ■■ 3 



Fid, 4. Co-ordLoalc ItcprcsoitAtioa of the SqusUoa, y « 22 -f- 7. Er^ 

anj>rc: When z •• 8, V — 3. 

Ses'cral equations of the form y =» tnx + 6 can, of course, be shown 
on one set of axes. For <3xam{Je, the ixjuations 


Chapter 1\ 


UsTRODUCnON 


y=-2*+l (1) 

y = -2* + 2 (2) 

y = -2® + 3 (3) 

t, = -2® + 5 (4) 

t, = -2c - 4 - (5) 



.5 1 3 

l^Q. 5. Fiuiuly o( FanUel lines. (1) y • — 2z + !■ (2) y •• — 2z + 2. (3) y — 
-2* + 8. (4) y - -2* + 5. (5) y = -2i - 4. 


An equation of the fcmi/,(w>+/s(») +/3(tt) -/^(g) may be'rcprc- 
rraented by a combination of Cart.eaan co-^inate (iarts. For ex- 
ample, consider the relation h -f- o + w = g. Let 

“ + (1) 

and r + to = g (2) 

Each of these equations is of the fonn/iftt) +/3(o) =fa{w) and can 
be represented by a family of parallel lines. The first equation, u + v 
= T, is shou-n in Figure 6, and the second equation, T + ^1 = q is of 
similar form and is represented by Figure 7. 

Obviously, not much is gained by solving (he given equation, u + v 
-h w = 5, by parts as shown in Figures 6 and 7. A more effective 
arrangement would make it pos^lc to use values of u , «, and w directly 
without first determining the value of T. This is quite possible. First, 
let us analyze what happened in Figures 6 and 7. The equation 
tt.-f u = T, ivritten in the slope interop foUQ, would bo a = — u + f 





Fia. 0. Os-arviinMc 72cpr«> 7. Cadc«i&n 0»-ordiaat« Rvpro* 

KnUUon of iho Cquxlioa, u ^ r • 7. muIaUoc) oI lbs Eijiiatlen, T u 



>10 8 . Canoamn Co-ordina(o Jlrprc- Fm. v Cartesian Cb-onlinatc Ilcjicv- 

wnlalion of^ llio J^juauon, T — « + R. lioalation /or Ihn J'fiunlion, 7 — j — le. 
Efampif. tVhoTi u — 2 and * — 2; T •• 4. 

Noft-, fiu{ipa'=« tve consjJer equation T « w + r, ivith T replacing y 
and u rcfilacing s in tltc usual equation, y = mx + b. Tliis will result 
in the graphic representation shown in Figure 8 Similarly, the equa- 
tion r -h te — 5 may bo rewritten tw T <= 9 — to. The latter expression 
is Ebown graphically in ilgurc 9 . 
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By combining the two diarta as diown io Figure 10 it is now possible 
to eliminate the graduations dt the T scale, and, in fact, the entire T 
scale, since it is common to boiii diarts, and read w, r, w, and q directly. 
This method may be extended fnrtiier Tor flic solution of equations in- 
volving more than four variables. 



Fig. 10. Combtimtion of Figams 8 and 9 for tbo Bqu&doa, a + v -i-vi g. Us- 
omplti When u •• 8, v • 1, and w —2; 9—2. FolW the wrowe ehown iu ohut. 

If the given equation is of flie form uv ^ w, logsiithmio scales ina^ 
be employed, flius reduung the equation .to log u -f* log » log ui. 
Figure 11 shows the graphic representation of this equation. 



1 2 4 B ID 


Fia. II. Cartceisn Co-onlbatc ReiTOeiitaUoii of the Equution, vv = w. 

When « — 2 and v — 4; w = 8, 
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If the equation is of the form w» = 5, a nomogram can be deagned 
asfollowB: 

l«t w — T (1) 

and ru> “ q (2) 

Eauations 1 and 2 may be eomtuned, grafducaUy, as shown in Figure 12. 



10 8 4 i I 2 4 8 10 

FiO. 12. Cartesiaa Co^rdioate tiepresccUdoo of tie Eqaatiea, wu • q Sz^ 
amfU; When u •• 2, • 4. and w • O.S; ; » 4. 


Logarithmic sedea may bo cUminatod by treating the equation w 
» V in the following mann«. Let y « v and s •• tt, from which 
y tx. TUs equation represents a pend! of lines passing through the 
ori^ with slopes equal to values of v (Figure 13). 




INTEODUCnON 


Cluifter 1] 

Thus an equation 0 / the form um = g may be solved graphically 
by cmplojung the methods set forth in previous examples. 



Fia. 14. Cattcsi&ii Co«ordiRiitc RepRseotation of the Equation, wic « 7, 
ompie: VTlica v 3, t> a 0.5, and a> * 2; g ■> 3. 

An example of the use of & combination of rectangular Cartesioa co- 
ordinato charts is siiown in Ulgure 15 — ^“Graph to Petermine Engine 
Rpm,” 

Another example is presented in Figure IG — "Grajihical Evaluation 
of Heat Storage and Transfer Charoctciistics, Q' and g'.” 





{S 7T*WI^,< 
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The simplest type of aUgntnenl chart consists of three parallel scaies, 
so graduated that a straiglit tine jdning points on t^vo of the scales will 
cut the third scale at a peunt that eaUsfies the relation betireen the 
variables. For example, the expression t + p " tf cnti be represented 



by the alignment cliart shown tn 17- iolnlng z •• 3 

with V = 1 cuts the u scale M point 4, whid> satisfies the equation 
2 4. y B u. Similarly, the line juuting r » 2 with y •* 4 yields the 
value u ~ 6. 

The eimpUcity in usiug alignment charts lias won much favor in 
tecliBoIogy. They, also, are especially advastagsous to nontechnical 
petsonael, who can employ them with confidence. Aligumcnt charts 
are used to show the rclAiiuDsIiip between three, four, five, or moro 
variables, flome of the charts CMitain diagonal and curved scales in 
addition to hurlscntal and vertical scales. In some coses, it has been 
found desrable to use a conibmal ion of the Cartesian co-ordinate chart 
and the abgnmcnt chart. An example of such a combination is shown 
in Figure J8 — "NotaDgram for Determining tho Number o[ Seconds of 
Green Light for Traffic Signols.” Various combinations of alignment 
diiuts can be developed. The only limitation is the ingenuity of the 

The introductory materi.il that has been presented discloses the fact 
Uiat nomograms may be of the concurrency (Carteaon co-ordinate) 
type, or of the alignment form, or of a combination of both. The major 
portion of the malerial covered in this book deals with the theory and 
construction of aligimicnt cliarta involving straight line scales, curved 
scales, and combinations of straight line and curved scales. The use 
of deterrmnants will be demmstiated. However, thorough treatment 
of the dctcrminaiit method is not inlcnded since other works which are 
confined to the “determinants’* melliod only, are available. 

Examples of alignment charts which may prove useful in tlie fields 
of engineering, production, bnaness, aud statistics are included in tho 
Appendix. 





Clinpler Two 

FUNCTIONAL SCALES 

The first step necessary in the dedgn ttf alignment charts is a thorough 
imderstanding of the use of functional scales. 

A. graphical scale is a curved or straight line carrying graduations 
■which correspond to a set of numbers arranged in order of magnitude. 
If the distances between successive points on the scale arc equal for 
equal incremeuU of the ■variable, the scale is said to be uniform; if not, 
the Bcolo ia non-umform 

A jundimai scats is one on which the graduations are marked with 
the “values of the vaxiable” and on which the distances to the gradual 
tiona are laid off in proportion to the corresponding values of the “func« 
tioQ of the variable ” The distances arc laid off from an initio! point 
of the scale, not aecessanly the oero point. 

EXAhlPLE 

Suppose the funetloa of w, /(«), b u? (FiR'ite « vary from 

0 to 5 Form the following taUc: 



Pm. 19. 


We can readily under.'rt.and that the djove scale would be 125 in 
long if the inch is used as the unit of measure. Obviously this is not a 

12 
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convenient length. In order to have a acale of a more practical length, 
a scale modulus or scale multiplia is introduced, that is, a: = otm® or 
m — x/u^, where m ia the scale modulus. The expression * = fli/(u) 
is called the scale eguiUion. 

Now suppose that the scale is to be approximately 6 in. long (Figure 
20). Then m = x/\^ = 6/125 = 0.048. To simplify the computa- 
tional work, TO = 0.05 will be used. Tlris means that the scale length 
will be 6.25 in. instead of 6 in. Tlie new tabic then is; 


- 

0 

. 

2 




f(.u) = 

0 

. 

8 

27 

64 

126 

X - O.OSu’ 

0 

u.oe 

0.40 

1.35 

3.20 

6.26 


Fia. 2ft. Fimr.Uonal Scnlo for/(«) — ti*. 


012 3 4 

11 [ I L 


In the practical use of fuoclioDal scales further subdiviEion of the 
scale into fifths or IcqUm may be advisable. Suppose that the range of 
the variable is from 2 to 4 and that the scale length is approximately 
8 in. (Figure 21). In this case x = m[/(u8) — /(uj)) » m(4* - 2*) * 
50 to or m ■= 6/56 =» 0.107. For convenience we sh^ use 0.1. Then 
we have the tabic: 


“ I ; 

Fia. 2L Fanctianal Bcalo = ul 

It should be noted that in tlus case the initda! point of the scalo is 2 
not 0. ’ 
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Tkc distance hetireen any two gradnatbns, «i and Wj, is eq\ml to 
* = - /(ui)] 

Any Unit of length Other than inches could he adopted as the unit 
of measure It is most important to observe (1) that the distance be- 
tween any two points on the scale is equal to the product of the modu- 
lus and tie dilTcrcncc in the values 0 / iht funelion for the two points, 
not t!\n roZues 0 / tte tartabZea; and (2) that tlie points are marked with 
the value of tho variable. 

Suppose that the /(u) is 2i^. The scale equation is a: = tn(2a*}. If 
« varies from 0 to 4, and the scale length ia to be approximately D in., 
then 


2(4») 128 


0.047 


For convcmc&cc, m « 005 will be used. This lengthens the scale to 


Hence, z » 0 0S(2u^) or z O.lu^. It Is important to note that 0 1 
is the efftclhe modulus, whereas 0.05 is Uie actual modulus of the 
scale. The eflective modulus is used in graduating the scale. The "ao> 
tual modulus" is necessary in the location of scoIca that occur in align- 
ment chart design This distinction will be evident later when the do- 
sign and construction of aliguiiient ch.arte are considered. 

If the function of u is (tt + 2) (Figure 22), then the scale equadon ia 
X B m(u ri- 2). If u voricfi from 0 to 12, and tho scale is C m. long, then 

Sin. = ^ • 

” " [<I2 -h 2) - (0 -h 2)J “ 12 “ 2 
or *=§(«-h2) 



0123456789 to II 12 



Fta 22. Senlc lor UnFUnclloa, [u +2). 
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In this case, the constant 2 merely ahifta the zero point of the scale 
a distance from the reference point the scale equal to KO + 2) = 
1 in. Except for the shift of tiic aero pc^t, the scale is the same as 
though the f{u) were m, because the total length of the scale is s = 
^ X 13 = 6 in., which is the same as x= 21(13 -f- 2) — (0 + 2)] = 
6 in. 

EXAMPLE 1 

/(«) - v; 

where u varies from 0 to 100, scale length approximately 6 in. (Figure 
23). 


vToo - Vo 10 

Xt, " O.oVu 

0 13 3 4 5 10 20 30 40 SO 60 70 SO 90 100 

< [ [ 1 [ I I _l_ I I J__l ■ I I I i 

FiQ. 23. FuacUoDal Scale for/ftO ** Vu. 

EXAMPLE 2 

where u varies from 1 to 3, scale length 6 in. (Figure 24). 



« 

1 

2 

8 

M = i 

1 

l 



0 


-6 

1 
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Note tliat tlic neRative dUtances,^, are laid oEF to the left of point I, 
since distances laid off to the rijdit liave been regarded as positive. 



Fio 24 FuncUonal Scale for /(u) — 1/uK 


where u 


EX^OIPI-E 3 
/(u) * logu 

ra from 2 to 10, scale length, 7 in. CFip’re 25). 


log 10 — log 2 log 5 
ttt “ lOOo? u -• log 2) 

A few points are tabulated below: 


= 10 


lOlloi: u - Ics2) 


/(•)<. lega 

2 3 4 56789 10 

I 1 1 I I _1_ I [ _l 

Fio. 2.1 Funelional Scale for /(u) iu~u 

Stiggestions for Drawing Stain; 

(1) Make the shortest strokes^ in 

( 2 ) Make the intermediate stroll in. 

(3) Make the longest strokes-]^ in 

(4) Adjacent strokes should be not lees than ^ in. apart, or more 
than ^ in. 
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(5) Tlie distance between labeled etrokes ^ould be not less than 

(G) The inten'al between units ^ould be divided into fifths or tenths, 
if necessary. 

Suggestiemsfor Graphic Precision: 

(1) Layout lines should be diaip and light. 

(2) Finisli lines should be diorp and dark. 

(3) Use as large a scale as possible. 

(4) If the cliart is to be reduced, use a reducing glass to determine 
the relative weights of lines required in the original drawing. 

EXEWaSES 


Functional Seales 

1. Ooustruot a scale for the fuDCtion /(«) = u varies from 0 to 8. 
SbiiIq length about 6 lu. 

2. Construct a scale for the fuDction /(») > 2 log u. u varies from 10 to 
300, Scale length aliout 0 in. 

3. Construct a scale for Ihc IuDCtioD/(u) scosu. « voiics from 0° to 00”. 
Seale iengtli G in, 

4. Change the range of Uic variable of problem 3 to 0” to 180” and conairuct 
n scale of tbs same modulus. 

6. Construct scales for the fueclions /(n) •= log I/w, log it, logit*, log«*. 
u varies from 1 to 10. Scale length about G in. Write the scale equations for 
each case. 

6. Construct a scale ior the function /(u) = l/u. u varies from to » . 
Scale length about 7 in. VE>licrc would be the point, it = 07 

7. Construct a scale for the function /(a) =■ Range of the variable 0 to 
10. Scale length about 0 in. 

8. On one side of a line construct a scale for u*, on tlic other side u* + 3. 
Use f ile same reference point and same modulus. Range 1 to 5. Do tlic same 
for log u and log (u + 2). Scale lengths about 0 iru 

9. lixplain the effect of the conshint K on the scales m the following scale 
equations: 

Xu = utKu (1) 

2. = ni(« + ^3 (2) 

= miogit' (3) 


ilog(u + X) 


(4) 
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10. CoEstnict a Br 

.lie for OiefunclaoD/CO gives ty Ihe foliowisg table, where 

f(t) is the vapor pressure in air correepoodins to t, the air 

tcDiperaturc, in degrees 

Fahrenheit: 

1 

m 

t 

m 

0 

0 0383 

55 

0.432 

s 

0.0491 

ao 

0.517 

10 

0.0631 

65 

0 616 

16 

0.0310 

70 

0.732 

20 

0.1026 

75 

0 B66 

25 

0.130 

80 

1.022 

30 

O.IM 

S5 

1.201 

33 

0.203 

90 

1 408 

40 

0.217 

9.5 

1.B46 

45 

0 20S 

too 

1.916 

50 

0.300 



11. Given (he foUorring experiffieot-il da(a: 



m 

« 

m 

0 

0 03 

26 

0 12 

11 

0.06$ 

32 

0.17 

18 

0.08$ 

40 

0 88 

DratT A smooth corvo throiiKh the points and eosstruct a funetioBal scale for 

f(u) from the curve. 




13. Construct a ecole for the n 

rave length of the various cob» of hght: 


Color 

ITore Lfnglh 



Yidet 

4000 Angstrom units 

* 


Blue 

4500 " ” 



Greea 

5300 •* 



YeUi.v/ 

5700 '* " 



Red 

6500 “ « 


•The Angstrom unit — ooeten-nullionthaf a millimeter, Le,, O.OOOODOl mm. 
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ADJACENT SCALES FOR ,TIIE SOLUTION OF EQUATIONS 
OF THE FORM 
/i(a) = fiiv) 

Equations of the above form may be solved by graduating both sides 
of one line in sutdi a manner that a point on the scale will give values 
which satisfy the given equation. Hie scale equations are: 

= wiu/i(w) And Xv = tWr/aCf) 

Since /i(w) = /aCf) and X„ = Le., for any point on the scale; then, 


EXAMPLE 1 

Consider the relation, 2.54/ ™ G (Figure 25}, where I represents 
inches and C represents cenUuietei?. Let 1 vary fronc 0 to 10; scale 
length, 6 in, If we rewrite the given equation au tliat 

7 . A 

2.54 

Then, Xx = mjl, or 6 e» m/10 

from which mi => 0.6 

Thus, the scale equation is Xj = 0.6/. The acaJe equation 'for C is 
Zc = 0.6(C/2.54) = 0.236C. 

/- Inches 

0123466789 10 

I ^ ^ i W W W 

0 S 10 15 20 25 

C- Centimeteis 

Fia. 26. Adjacent Beales for the Equation, 2.64/ = C. 

Note: Having computed the scale modulus for 1, the same modulus 
must be used for C. If the sc^ modulus for C had been computed 
first, then 'this modulus would apply to I. 



NOMOGKAPFTV 


[Charier t 


EXAMPr.E 2 

C = ttD (Figure 27). C = circinnfctence of a circle, with tliumeter 
D. T<et D vary tram 2 la 10 in. Scale length, 6 in. 

The scale equations are: 



and Xu = mcD; or G = inx>riO — 2]; J 

hence Xo = |II> - 2] 

a c 8C 

and X, = - - = — - OdBOC 

4t 

To locate s point oa the scale C. For cuusplc, C 10. 

Point 10 on the C scale is 2 39 in. from the zero point of that scale 
(X* •« 0.239(10]). Since point 2 of the D scale is I5 in , (X »» f X 2) 
from tho zero point of the D scale, p^t 10 is (2 30 — 1.60) ~ 0.80 in. 
D • Dismelcr In inelm 

2348(780 10 


10 18 20 25 30 

C- CiKumUrtnM in mcKW 

Fic. 27. Adjaeeat Scale* (or tbe Eqo&tioa, C B ir£. 

to right of point 2. (It should be oKserced that C ^ 0 irhen D 0.) 
Point 20 of tho C scale is 2.39 in. to (he right of point 10 (.Ye = 0.239 
X (20 — 10]) = 2.39 in.). Points between 10 and 20 can easily be 
located by subdivision Points bnyond 20 can be located in a timilar 
manner. Of course, a point of the C scale could be located by solving 
C from a specific value of 1>. ITie scale could then be graduated from 
the scale equation, 


X, = 0.239[C2 - CO 
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EXAMPLE 3 

V = sin V (Figure 28). Let T vary from 0° to 90® ; scale length, 
6 in. 

The scale equations are: 

Xu = mJJ ( 1 ) 

and A’’„= i7i,sinF ' (2) 

From equation (2) 6 = »»„(an 90® — sin0“);fltt = 6. Hence the scale 
equations are: 

= 6U 

and = 0 sin F” 


U 

0 0.1 0.2 04 t)A 0,5 06 0,7 0.8 0.9 1.0 



0 15 30 45 60 75 90 

V-0»jrees 

Fto. 28. Adjacent Scalea for (Ik Eciuation, U ^ ainV, 


EXAMPLE 4 

y = (Figure 29). T = tho volume of a sphere of radius r- 
Let r vary from 0 to 5 in.; length of scale to be approximately 6 in. 
Then 

Xf ~ and — 

477 


”*7 = “ 0.048. 

For convenience, use m, = 0.05. Then 

sy 

X, = O.OSr® and X, = 0.05 X — = 0.0119F 



D 100 200 300 400 500 

V-Vohime 

Pin. 29. Adjacent Scales for the Eqnotion, y = 
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IVON-ADJACETfr SCALES FOR THE SOLUTION OF 
EQUATIONS OP THE FORM 
/i(«) = Wf) 

In the foreRoinK Tna.terial it 'was pointeil out that the same modulus 
as used in each scale equation. It may be desirable to use two dil- 






Fi«.8a 


ferent moduli, 
ing maaner. 

This can be done by 6cpana.iug the aoales in the follow- 
<8«c Figure 30.) 

Let 

Xu = n»«/i(a) 

(1) 

and 

X, = m,/»(p) 

(3) 

uo and «a are 

zero values of tlie functiofis of u and i>; and K i 

3 a point 


located on Imc AB eo that sasy Itoc passing through K and a selected 
point on the u or a scale will cut the other scale in a value which satisfies 
the equation. 

From the similar triangles AkiK ond 

X, _AK _a 

Therefore \ ^ = - ^rom equations 1 and 2 above) 

nJvjiW o 


Since A(“) = ftM. 
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Hencic point K can be located on tiie diagonal AB by dividing it into 
the ratio 

AK a 
KB~b~ 

EXAMPLE 

Again conader the equation, 2.54? = C (Figure 31). 

, /2.54\ r C" 1 <7 

— = m — 

me ~ 2.54 “ 1.27 

~r 


EXERCISES 

Adjacent Scales or Non-Adjacent Seales 

13. Canstruct (a) adjacent and (t) noD>adjaeeDt eceJes for converting Fahren- 
heit readings to centigrade. 

C = |(P - 32) C(~40® to 100") 

14. Construct adjacent scales for the cquatktu urea of circle, A = rriP/i. 
d(0 to 20 ill.). (Do not use scales.) 

15. Use logarithmic scales in probkui.lL What are the advantages of each 
method? Disadvantages? - 

16. Construct adjacent scales for the equation ( *=■ 2srV^ B/g, the period of a 
timple pendulum of length, and "with g *= 32.2. t (1 to 5 ft). 

17. Construct adjacent scales for the equation, X' = log* V. y(l to 10). 

18. On a log scale using the base 10, the distance between 1 and 2, 2 and 4, 
4 and 8 are equal. Is this ime itiuai “o” ia used as the base? 

19. Construct adjacent scales for the vapor pressure in air as a function of 
temperature as given in prohlcm 10. 

20. Construct non-ndjacent scales for the compound interest law, P = 
A(1 + RY, where P is the inintipid, R the rate of interfist, A the amount, 
and n the number of times compcMuidcd. Let A = $1.00, R = 5%. Then 
P = (1.05)". 71 vai'ies from (0 to 20). How can this chart be used if ti = 30? 




Chapter Three 
ALIGNMENT CHARTS 


An ntignment chart in its ^plest fonn consists of three parallel 
scales so graduated tliat a straight line cutting the scales will determine 
throe points wliosc values satisfy the given equation. 

In general, alignment charts may consist of three or more straight- 
line scales, of cnn’cd scales, or of combinations of both. 


ALIGNMENT CHARTS FOR EQUATIONS OF THE FORIVI 
/,(«) + fziv) = Uw) 

Stipposc we liave tlirec parallel scales (Figure 32), A, B, and C, so 
graduated that lines (isopletlis) I and 2 cut the scales in values which 
satisfy tlio equation * fy(w). Now, 


A B C 



^l»=W«i.lA(ttl)-/l(Wo)] 

25 
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If I/O, 'Vo, it’o, represent *«ro values of the functions, and if line 2 is 
any hne, ^re may drop the subscripts and write simply 

Xu = w»J'i(«) (1) 

Xu = m JaW (2) 

Xu = m^/aCw) (3) 


I>et us agree further that the sparing of the scales is in the ratio a/b. 
If we graduate the scales for/i(u) and/sCu) in accordance 'rith their 
scale equations (1) and ( 2 ), re^ctively, what will be the modulus for 
the scale equation of /*(«>) and what will tlie ratio a/b equal if llie chart 
Hatisfics this relation /i(u) + fi{v) = /j(w)? 

In Figure 32 drew lines through points utj and Vj parallel to line Uoi'c. 
The shaded triangles are similar by construction, hence, 

Xc - Xu a 
Xu - A'. “ 6 


A'^6 A'^ 

Xub X^ 

ai ah 



Since X* 

X, 




If fi(u) 4- / 2 (v) = f&iw), then 


.Y„(a + h) 



a + & 

"♦u/oCw) 

ah 

a-i-h 


Therefore 


and 


oh 



»n»+ m. 
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Thus, to construct, an alignmcDt chart for an equation of the form, 


(a) Place the parallel scales for m and i» a convenient distance apart, 
(t) Graduate them in accordance mdi their scale equations, 
Xv - andZ, = mr/2(ti). 

(e) Locate the scale for w so that its distance from the « scale is to 
its distance from the a scale as ma/m» = a/b. 


(d) Graduatethcicscalcfromitsscalccquation, = - 
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EXAMPLE 

u-\-v - VI (Pjgure 33). J^et u vary from 0 to 10; and v vary from 0 
to 15. Suppose that the scale lei^ths are to be 6 in. 


Now viu = = 0.6; Xv = O.Gtt 

and = 0.4; X, = 0.4i> 


and 


0.6 X 0.4 
0.6 + 0.4 


0.24; X„ = 0.24ia 


ma 0.6 3 a 

^ “ 0.4 “ 2 ” b 


Now suppose that it is double to oit olT the chart at the line 1 



(Figure 34), eliminating the portion below fine 1. The scale equations 
will then be (using line 1 as the base line): 


X„ = «U/i(«s) -/,(«,)] 

X, = - /aCwi)] 

X„ = W«t/s(«>2) - /*(wi)] 

where Ui, wj, and Wi satisfy tiie equation /,(u) +/2(y) =/3(u;). 
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rAAMPIX 1 

u -f- r — vr (nsurr 3j). Let ti vjir>' 2 ^ ''^O' tTMm 3 

to S- I^njth of tcaJtr, C in. 



i-iare n. •■ — 

+ ni» 

„ - li 2 

• 5 4-J tJ » 

Finer U| ■ 2 nn<l f, 3, thenforc tf| » 6. (Prom tlic original cqua* 
tion « + r “ V.) Iti-ncr, 

.V, - 5|u- - 5] 

a ? 5 

t- w, ; ^ 


ronn ifir follo«ins 



In tbU I 
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MucJi o! the calculations set forth in the above tables can bo elimi- 
nated iC wo compute the location of the end points for each scale, and 
then project tho other points geometrically. 

EXAAfTLE 2 

I - (Figure 36), where 7 is the moment of inertia of a rec- 

tangle about its axis pamllel to b, where h is the n-idth, and d is the 
hdght of the rectangle. 

Let 6 vary from 1 to ID in , J from 1 to 10 in. Length of scales, 6 in. 
The equation, whidi may be written hrJ* = 127, b put in the type form 
by taking logarithms; thiie we olitain 

log h -f 3 log (f = log / + log 13 

Now the moduli ms and mj are computed as follows: 




6 

f 

log 10 — log 1 

C. 

^loglD - Slog 1 


A'b - 6 Jog 6 

Xtf = 2(3 log d) s= 6 Ic% d 


It should be pointed out that the function of <2 is 3 log <i, l!ie modulus 
2 b the "actual modulus” which is used in locating the I scale, and the 
eoeffieioot 6 is the ^tctive ttuidultu which b used in graduating the d 
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F:q, 3G. Moment of Ir 


of a Be cl a ngle about Its Axis Parallel to the Base. 
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Note carefully that the actual moduli cd b and d are used in computing 
mj. Form the foIlowiDg tahlc: 


‘ -1 

2 

S 

... 1 

ID 

fW-loRj 1 0 

0.301 

0.477 


1.000 

Xi ■= 8 log S fl 0 

0.81 

2 80 


0.00 


The table for d be the eame us the above since = 6 (effective 
modulus). 

Now we can graduate Ibe scales for b and d in accordance witJj the 
scale cciuations ■■ G log h and «• 2(3 log d). The scales are placed 
n convenient distance apart. The ]K«itiun of tlic I schIo is determined 
from the ratio mt/rud = $ ~ ■ Our next step is to locnte one point 

on the I scale, l.e., point 1. Suppose we let d > 2 Then b > 127/d^ 
or & ~ (12 X 1)/S 1 5. The line joining h » 1.5 and ef >• 2 cuts the 

7 scale nt point 1. Now wo can locale other points on the / scale from 
tho scale equation 

or Xr = 1.50og I) 

This means that points on the 7 scale are laid off from point 1. If 
the selected point on the 7 sailc were 10, then graduations would bo 
laid off from this point in accordance with the Fjcale eriuafjon; 

X/ = 1.6|log7 -log 10] 
or Xi = 1.5(tog 7 — 1) 

If the equation Trere/i(«) — /sCr) ~ fiCw), the scale equations would 
be: 


X, = 

(1) 

X, = wJ-ZsC#)] 

(2) 

nh.w. . , , 

; /jCw) 

Wb + wt. 

(3) 


Tho negative sign in equatiem 2 impTiea that positive values of /j(v) are 
laid off downwardly if we agree to lay oft poative values of /i(«) up- 
n-ardly. 
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EXAMPLE 

u — V — w (Figure 37). Suppose w varies from 0 to 5, and v varies 
from 2 to 6. Scale lengths, 6 units (inches, centimeters, or any conven- 
ient length), 

= Z. =|« 

= I = f ; X. = = -^-i> 

y „2 

3’ ” 3^^ 

wVj § 4 

Scales u and v are placed a oenvenient distance apart. Scale u is 
graduated in accordance with the scale equation Xu = Scale v is 



Fic. 37, Ahgnm^i Chart for the ISquotlon, u — v == tu. 

graduated from the equation X, = -§«. This is done by locating point 
2 on the upper end of the v scaJ^ and laying distances equal to f 
units for each point 3, 4, 5, and 6. 



30 XOaiOGRAPHT [Ckapifr S 

NOTE: POSITIVE VALUES OF "T” AIU3 LAID OFF DOIVT^- 
WARDLYI 

A point on the «’ scale can be located by solving the ordinal equation, 

tt — 0 = ttl, 

Example! T«t u = 3 and v = 4; then te = —1 (of course, in this rase 
it might havo been simpler to locate the lero point on the lo scale by 
letting u and v equal the same value). Having located one point on u’, 
other points can be located frvn the scale equation Xu •• sta; that is, 
the distance between consecutive points is | units. 


EXEREISES 

HydratUics 

31(e). Q » (IVaneis ireir (orniula (or a rectangular weir) 

where Q • discharge (cubic feet per second), h width of wm (3 to 30 ft), 
H ■> head above crest (0 5 to 1 S ft). 

31(b). Use a double graduation of the Q scale of part a to indicate gnllons per 
suaute- 

32. V B C^y^gli (velocity of water, iu feet jicr second, through an 
onflcc due to a bead of water, 11) 


where c ** 33.3, C — a coefficient for the orifice depenihsg on shape, etc. (0,0 to 
!), and 11 m hc.id of w.atw (1 to IS ft) 

33. The horsepower of a jet of water is given by the equation 


where IT “ the wdght of water per eeeond (1 to 100 lb) and v — the velority 
of water in feet per second (1 to 50). 

If desired, emce one cutnc foot of water is 62.4 Ih, tiie furmulu tuny be con- 
verted to 


HP * 


Qe*X624 
2g X SSO 


where Q the quantity in ruhie feet per second and g = 32.2. 


21. 11 ^ (Jjcjd hi /rrt of a liqiAi rqaivaJeat to the pressure, P, in 

" pounds pet square foot) 

where TTia weight per cubic foot of the liquid. If Pis in pounds per aqu.sre inch, 
II - 144P/ir. 

Let P Vary from 5 to 300 psi. For TTuse tlieconiraon nuieJssuch as water and 
Ixroscoc. 
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25. H = 0.38 head for mter flowing in 1000 ft of pipe) 

where V = velocity of flow in feet per second (2 lo 16) andi) = diameter of pipe 
in feet (1 to 0). 


Strength of Materials 

26. S, = — drf, (allowable strength of a rivet) 

4 


where d ~ diameter of rivet (H to 1 in.) and /, = allowable unit shearing 
stress of material (3000 to 15,000 psi). 

27. p’ * 4 (radius of ByraUon of a section) 

A 


where I = 
100 sq in.). 
28. 


moment of inerUa (1 to 1000 in.*) and A •• area 
/ “ (critical stress in a long column) 

(f) 


of section (1 to 


lot C = 1, firity ooefHcieni For pin ended column, E rr modulus of eloatioity 
(10 X 10* to 80 X 10* pa), and (L/P) — aleiidcrness ratio (70 to 200). 

29. fl (unit elongation in Uic * direction) 


whore = unit stress in x direction (0 to 50,000 psi), = unit stress in y direO' 
Won (0 to 50,000 psi), m * 0.3, and .E ■ 30 X 10* psl for structural steel. 


Mcclianical 

30. BHP = ^ (Assocmlion ©C Automobile MauufactUTBrB formula) 

where d » diameter of cjdindcrs (If in. to 5%), n = number of cylinders 
(2, 4, 6, S, 12), and BHP =■ brake horsepower. 

3/ HP 

31. d = 2.87 (diameter in indies of a spm- ge.nr steel sliaft) 

whore HP = horsepower (100 to 2000) and BPM = revolutions per minute 

(100 to 1000). 

32. P„ = ~ ^ ^ (absolute mean pressure of expanded 

steam) 


where Pi = absolute initial pressure (50 to 350 psi) and R = ratio of expan- 
sion = r/Pj (1 to 10). 
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33. P = Cprtssweinpoondswitoolwbencutlmi; caetiran) 

wbero f = feed (0 01 to 0.20 in.), D = depth of cut (J to 1 in.), C = 45,000 
for Eofb cast imo, and C = 69,000 for hard cast iron. 

pc STyl 

34. f =■ - ^dogof steam throu^ a steam nattJe in pounds per 

“ «oml) 


tshere P »• absolute irufial pressure (5 to ; 
throat (1 to 80 eq in.). 

_ vDff 


y I n-here B is the cutting speed in feet per mioufe in lath or 
/ 1 boring null, D = diameter of •work (0 25 to 12 5 in.), and 

/ } W - (10 t.i 1000 ri>in) 

/ 99>J 

yAiO* / I p 36. C-0 0000065L{r - 2«> (change in length 
>J I of a steel tape due to a differeneo in temp 

[T — J'«] from the alaudanJ Wuiperuture, To) 

'sj where L f* the iseasured Jength (10 to 100 ft), and (T 
A — r«) varies from (5* to7&'^. 

37. fn the figure shown it is required to find the isae- 
cesaible distance BO, which is equal to BD — BC^fAB. BO varies (1 to 10) 
and AB variei (1 to 10). 

38. For the dmpte curve T = R Ian A/2, where S Li usual!/ obtained from 
the ilcgree of curvaturu und is equal to 

5720.65 ^ 5729.65 

(degree of cunr.) D 

where D, degree of curvature, varies (1“ to 30*) and A varies (10* to 150*). 



39. L.C. = 2R ain ^ (lons chord as shown in figma of prublem 33) 
Ifec limite of problem 3S. 
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40. C ^ R exseo — (eternal distimce of a curve) 


See figure of problem 38. Use same limitB. 

41. M = R vera ^ ^nidoidinatB of a curve) 
See figure of problem 38. Use same limits. 

42. L — ^ 100 (ksngtb of the curve) 


See figure of problem 38. Use same linuts. 


p (radius of curvature for lOQ-ft chords) 


See figure of problem 88. Use same fimits. 

C 



where it is reaoaunesded that 

C - 100 ft for 0* < Z)< 7* 

C= 50ft/or7“ <i>< 14'* 

U = 25 ft for 14* < D < 28* 

C« 10ftforD>28* 

45. In a railroad curve as shown Uie offset x of £ from the tangent at A. 
^ 2fi 


£ 



where C varies (10 to 100 ft) and B varies (100 to 6000 ft) 
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Electrical 

46. E = ^ (power Ja watte used h» passing an electric caircnt 

throufib a resistance £} 

where E » voltage (IQ to 220 volte) and B = resistance (10 to lOOO ohms), 

47. ^ ^ ^ fruio of resistances in parallel) 

where K, (1 te lOO ohms) and (I to 100 ohms). 

48. X = {reactance of & cod) 

where/ ■■ frequency, cycles per eecond (30 to 3000) and C — (1 to 300) espseity 
of condenser, in miccoCnrads 

49. E <= 0.232 log (iuducUve volts per amjicre }ier tiule of hue 

with two wires for a 25<ycte current) 

whets r » the radius of the wire in inches and d — the spacing in mebes (4 to 
100), Express r in B and S gage numbers, wliicli vnry from (0000 to 10). 

50. Double-graduate the E scale of problem 40 to solve the formula, when 
using n. OU'Cyele cuirenti 

E -(0.232X3.4) log 


Acronniiticnl 

bV’ 

51. q — (dynamic pressure ol air moving at velocity V) 

where p = air density slugs per mine foot 0>.OO1O to 0-0025} and V = velocity 
of uir, feet per eecond (3U to 300). 

S' 

52. ^ ^ "a wing) 

where S — span of airplane wing m fert pO to 100), A ■= area of airplane wing 
in square feet, and R •= aspect ratio (4 to 7). 

53. Since Fejon — and I ehig = 32.2 Ib, double-graduate the p ami 

y scales of problem 51 to increase the usefulness of the chart by eliminating the 
conversion of units. 

54. 1', =■ 20 — 'j^Cstailing speed tA an ^plane in feet per 

second) 
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where S = wing loading, ponndB per square foot (5 to 40) and Oz,(oim) = maxi- 
mum lift ooofBcient (1.1 to 2.5). 

55 m = fflc ^ (slope of lift curve for aspect ratio, R) 

^+1 

where ms ■» slope dCt/d at aspect ratio 6, rai^ (4 to 7), and it = aspect ratio 
(4 to 7). 

56. When the equation of prohlem 66 is constructed asuZ type, it is possible 
by the proper KelcEtion erf moduli to molce all scales uniform. Show how this 
can he done. 

57. Fh = j^l.35 — 0.01 • [lilt. T.S.J (albvable stress in bending 

in a chrome molybdoniim steel tube) 

where i/l diaraeter/thickness of wall •• thiclmess ratio (10 to 30) and ult. 
T.S. — ultimate tensile strength of material (90,000 to ISO, 000 psi). 

Gcsneral 

5S. I =• (moment of inertia of a r^bt circular cylinder about 
its a>ds) 

where IF « total weight la pounds (1 to 25,000) and r = radius in inches (1 to 
25). 


59. r = V^+l? (vector r whose co-ordiuates uie * and v) 
rriiere x varies (0 to 10), y varies (0 to 10). 

60. V = 2.4671?«i® (volume of a torus) 

where D — larger diameter of torus (1 to 10) and d = small diameter of torus 
(1 to 10). 

61. 7 = — (mcanentof inerfiaof reotangic) 

where I = moment of inertia in inidtes*, b = width of rectangle (2 to 16 in.), 
aud £i_= depth of rectangle (4 to 24 in.). ' 

62. P = A.(l -p 7t)’‘(prni(apalPBfter»coinpoundingsottheQiiiount 

.4 at the rate of interest, it) 

Let A = $1.00, R = interest rate in % (1 to 8), and n = number of times 
compounded (1 to 20). 
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Chemical 

63. /i — /xi* (specific visciaikyrefoTecllo'wnterwitlitheBamc temper- 

ature of a salt solution vbose Donniility is n) 
wlwre fii is the specific Tiseosity ol a normal solution find may be determinetl 
trora fairy’s Chemical Ev/pneere' HaridbooL, p. C70 (1034), for various s-olt solu- 
tiaua and acids at 25*C, fl varies (0.1 to !.<)), and fi varies (0.05 to 1.45). 

64. V — 174.21-\/t + 450.C-\/H (veloeitjr of oir at or near ntmos- 

lilieru; preasure) 

T.liet0 V e! (300 to 15,000 ft per nun), ( ^ temperature in degrees rahrenheit— 
range (0* to 1000°), and H =• vclodty head in inches (0 to 6). 

65. Vi — V (torreeted velocity of problem 64 for pressures 

considerably above atnospberic) 

where Vi (100 to 10,000 ft per min), F — as before, problem 64, P ■ (14.7 
to 100 psi), and .Pi » 1 4.7 psl. 

66. Vs ■ Vi (correction of Vj of {iroblem B5 for spBCiflo gravity) 

where Vs - (100 to 20,000 ft per min), Vi - (as before), and iS = (0 2 to 1 8), 
relative to air. 

67. P — AT ^10.82 — “p") pressure of ammonia in atmos- 

phere over a solution of Af prem molca of ammonia per 1000 grama 

of water; T is the temperature in degrees centisrade absolute) 
whem P « (0 to 1000 mm), if » (U to 100 erarrei), anti T - (10* to 40°C). 
Note that the kmits of P, jil, and T are not eiven in the unite to be used m the 
equation. Tliercforp revise tlie equ.itian, nuling that 1 atmosphere " 700 nim, 
molecutarwsJghto/NHj = 17.0, and zerodegreeabsolute centigrade = — 273*0. 


Statistics 



where v, = standard deviatims from mean to 1000), Zy’ = sum of devia- 
tions squared (1 to 10*), and 2f ^ number of cases in sample (1 to 1000). 

69. a,n “ Vs'N/i — r„‘^ (standard cinic of estimate in predicting y 
scores from z) 

where standard deviation of y scores (1 to 20); r,„ correlation of s and y 
scores (0.50 to 0.09), and standard error of eafimntc (1 to 20). 
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SOLUTION OF EQUATIONS OF THE FORM 
/,(«) = iipyhiw) 

Supposjo that the parallel scales (Mgure 38), A. and B, are graduated 
in accordance with their scale equations, X« = 7Ma/i(u) and = 
respectively. The diagonal scale for joins /i(«o) and 
fzivi}), i.e., the zero values of the fonctions of u and v. 

Let us suppose furtlior that a straight line joining points uj and Vi cuts 



values ot u values of o 

aiv laid off are laid off 

upwardly downwardly 

Fro. 38. 

the diagonal scale in point wj bo that the equation /i(u) = f^iv) -fiiw) 
is satisfied. What will be the scale equation for/3(rr;)? 

From the similar triangles troUiWi and ao«iWi, 

X, 
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Xu = n»«/i(M) 

X, = mufsiv) 

(K- 




If it ia dKslroil to graduate tLe u> scale trom Instead of ctp, it c 
be bliown that the distance from uo to tC| is equid to 


A*fn^/3(ul) 
w^JaCie) + 
From the above one 


(This should be verified by the reader.) 

300 consliuct Uiis type of chart in the foUo'wing 


(1) Draw scales for the vanables, u and v, parallel to each other. 

(2) Graduate the u scale in accordance with its scale equation, Xu “ 

tn, ./,(«) 

(3) Graduate the v scale in nccordanoc with ita scale equation, Xu — 
TW,/j(u) (plotting positive values of o downwardly if positive values 
of K were plotted upwardly). 

(4) Graduate the u scale from vo in accordance with its scale equation, 

= , or frenn vo in accordance with the scale 
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EXAMPI£ 1 • 

Consider the equation (» + 2) = (Figure 39). Suppose that 
varies from 0 to 10, and v from 0 to 5. Tlie scale lengths are to 1 
approximately 6 in. 
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- = 0.6 


(10 + 2) -(0 + 2 ) 

(Wfi shAtl use 0.25, which merely lengthens the scale 
from 6 to 6 25 io.) 

Xu = + 2) 

Xu = oJiSo* 


A’„ = - 


10 


O.ClD 
0.25 ** 


wheft if =• 10 (ton of any conveiucnt unit). 
I-'orm the fullowiag inbio; 


w 


05 

1 



Xu 

10 


H 

H 



EXAAU'LE 2 


Let ue consider the eqnali')n for tlin volume of n riglit circular cyl* 
iiider, V ■>» where V is tlic volume in cuhin fret, r is the radius 

of the base circle, in inches (4 to 12), and h is the height of the cylmdei 
in feet ('1 to 15). tVe may write the cquaUon, 


JiTK “ r^A, whore R 


144 


Tlic range of 1'' is detemuned from the ranges of r and h. Simple cal- 
ciilntioDS will show that V varies from 1.40 (or 4?r/9) cubin feet to 47.15 
(or 15>r) cubic feet. 


Now 


and 


= 0005 
IDd: 


(-?) 


144- 16 

X, = OORfr® -4*1 
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From the above scale e-Tuations, we cm graduate the V and r scales. 
It will be observed that it is necessaiy only to eompute the total length 

of the V scale; i.c., = 0.005 |^— ^15a- - j = 10.48. Then we 

know that the lower point of the scfde will be nmi-ked 1.40 and the upper 
point will be marked 47.15. Additional graduations can be obtained 
by proportion. Since the function is linear, the scale is uniform. 

In the case of the r scale, it should be noted that the function is r^, 
and therefore distances between consecutive points are proportional to 
the square of r. 

The location of the di^onal scale must be determined next. Many 
students luake the typical error of connectii^ point 4 on the r scale 
with point 1.40 on the F scale. Remember that the diagonal line joins 
the zero value of the function oS r with tiic zero value of the function 
of V. These points would be zero on the r scale and aero on the V 
scale. In this case, it would bo possible to include these points on the 
rospeotlve scales. However, often the zero values of the functions are 
not aoccBsibie within the limits of the drawing. Lei us assume this to 
be the case m our problem. 

The position of the h scale can be established by a very simple method, 
Let us locate points 6 and 12 on the /i scale. If we let r » 10, then 
Y = 13.1 when ft * 0. Tlie liue joining r “ 10 with V ■= 1.3.1 con- 
tains ft =» 0. Again, if we let r *= 12, then V — 16.9 when ft =■ Q. The 
line joining r = 12 with V ■ 18.9 contains ft *= 6. Therefoi’e, the inter- 
seetion of these two lines is ft * 6 and, in addition, is a point on the 
diagonal. This method can be repcstLed for another point such as 
ft = 12. Other points on the ft scale can then be located from point 12, 
by properly using the scale equation. 



— i+i 


Wt 


It is evident that K must be determined. This can be done, since the 
distance between points 6 and 12 can be measured. Hence, 


K 


0.005 

0.08 


X6 + 1 


K 


0.005 

0.08 


X 12+ 1 


2.37 


from which K = 15.23. 
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STMPUFIED aiETIlOD 

A method which may simplify the work of graduating the diagonai 
scale can be developed in the following manner (Figure 41). Let C be 



Fio 41. 

a fixed point on the right vertical scale Let the disLance from pi^t A 
to the fixed pefint bo f (inches, centimeters, or any other convenient 
number of utdts) Suppose that the nght-hand side of the left vertical 
scale carries a tempenaTy w scale. From the similax triangles, BDE 
B.adACS, 

^ _ K - X„ 

1 



Previously it had been shown that 

A' -A*. 




Hence, A'l — ! — [/*(«>)] 

This etiuation enables us to graduate the temporary iv scale. Lines 
joiiung the fixed point, C, with the graduations on the temporary scale 
will intersect the diagonal in points having the same %’nluc3 of ta. 
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This method has two advantages over li>e one of locating points a 
the diagonal from the equation, 


First, if die function of su is linear, a uniform scale can be graduated on 
the temporary scale; second, the length, K, of the diagonal scale need 
not be known. 


EXAMPLE 


B a — (formula taken from the Affiociation of 
Automobile Manufacturii^f) 


where B represents brake horsepower, d (0 to 5 in.) the diameter of the 
cylinder in inches, and n (2, 4, 0, 8. 10, 12) the number of cylinders- The 
maximum value of iJ ■ 120. Suppose that the lengths of the parallel 
scales, B and d, are 7.B in. The si^e equations will be; 


Xb 


»nB(2.5B); 7.5 = maCSOO); wb 


Xd-mj(d=); 7.5 <= inj(25); 


(a) Applying the first method, 7C ■ 9 in., we have 


X„ 


108 

» + 12 


Form the following table. (Plot n from thesw values.) 


Q>) Applying the second method, we obtain 
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Points on fempotaiy scale A'l = iV* on the r^lit-LancI side of 

the B scale. These points are coimected mill tlio lixc<l point, C. The 
intersection of these lines with the diagonal locate the points on the 
n scale.. In this e.'camplc, 1 = (See Figure 42 for completed chart.) 


EXEROSES 

Since roost of the problems of the "three parallel scales” typo also f.oll in the 
Z type, construct Z-type charts tor: IVoblems 22 to 20, incIuMve; 31 to 43, 
inclusive; 47, 50 to 57, inclusive, ® to 65, inclusive; 6S and 09. 
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Points on temporary scale «■ i*Wn arc located on thg right-band side of 
the B scale. These points are connected with the fixed point, C. The 
intersection nf these lines xHth the diagonal locate the points on tlic 
n scale. In Ibia example, I =» 5 in. ^ee Figure 42 for completed chart.) 

EXEnCISES 

Since most of the problems ol the "three parallel scales" type also fall in the 
Z type, construct 2-type charts lor. Problems 22 to 29, inclusive; 31 to 45, 
inclusive; 47; 50 to S7, inelusive; 00 to<^, loelustrc; CS and 60. 




Clinptcr rive 


OTHER FOIWIS OF EQUATIONS WHICH CAN BE 
SOU'ED BY A / CHART 

Let 113 consider I'l^curc 43, nliicli rliotra tiic r ouilc on the left, {^ndu- 
nted in acconlnnre v.ith (tic fcnle equation A', - »a,/j(r) and the m scale 
on Uio risht, {•raduated from tl»c scale rqiiation, A'* ■■ Note 

itiftt positive values of tfic varialle. r, nre plotted upwardly, and that 



positive values of the triable, u, are plotted dorniwardly. The diag- 
onal scale which carries the graduations for the function of v joins the 
Kro values of the functions of « and r. 

What is the scale equation for the function of ir, in order to have 
co-lIncar points on the tt, r, and v scala satisfy the given equation 
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From the BimOar triangles voOiiPi and itottiiai it follows that 
X, K~X„ 

X^ 

[f = nij’,(u) 

X, == JWbACp) 

X^ = m^faiw) 
frtyfsiv) X - m^fajw) 
mv>/z(w) 

irtuftW) + WaW X 


and 

then 


■luMv) + rth/Av) 


m^/sCw) 

Kmvfi{u) 


If and ®= *»„ 

/r(w) 

then Mu)+Mv) 

Therefore to construct a chart of this form, graduate the scales in ao- 
curdance with the scale equations: 

X^ = 

X, = nuJiiv) 

X, « Kfa(w) 


EXARIPLE 


/ = - 


20,000 


1+n 


UU? 


(GoidoD Coluitin Formula) 
L CO to 50 ft) 
r (0 to 10 in.) 


SOOOt^ 

This equation can be reduced to the farm 

/ 

20,000 

The equation is the same form as the type which was developed above. 


r® + 0.016Z/* = - 
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Fio. 44, 0<miaa Ccdunui Fonnuk. 


I 10 
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Xr = J«r»^ 

Xt = m,(0.016L®) 

(Remember that the modxdi fOT the parallel scales are the same.) 

~ ^(20^0) 

If the length of the r scale is 7.5 in., then 


7.5 

Wr = - — ? = 0.075 
(10)^* 

or Xr - 0.075r* 

Now Xl = 0.075(0.0161,*) = 0.0012i,* 

If Tve let X = 8 


then 




The chart is aliown in Figure 44. 
If the equation is of the form, 


A(«) 

/aCw) 


the scales for u and w will be graduated in the same direction as shown 
below (Figure 45). 
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70. Ba2iii coefficient for veloci^ in open duumcl iiow: 



n-hcro m — cocfRciaat of roughness (DOS to 3) find R = hj^stllic rudius in 
feet (0.2 to 25). 

IK 

71. B.G. — jn _ m, (specifie gravity of a body) 


Trhere IT « weight in air (0 to 10), IF' • weight in water (0 to 10), and 5.C. 
varies (1 to 15). 


(l) " '• required forathiek.wsllwUoheeubjscted to 

internal preasuie where j is more than dl 


where / mairimum Sber atrees of material (^XIO to 60,000 psi), P = Internal 
preasuce (1000 to 10,000 pai), and WO varies from 4 to 13. 
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ALIGNMENT CHARTS FOR THE SOLUTION 
OF EQUATIONS OF THE FORM 
1 1 _ 1 
f,iaym i,(w) 

Suppose that the intersecting scales, A and C, are graduated in ac- 
cordance •nith the scale equations {Figure 4 G): 

X, = mtfsW 

If a strdght line joining points i/| and t>i IntcrECCts scale B in a point 

A 



till 60 that the given equaUon is satisfied, how should the tc scale be 
graduated and how is it located? 



60 NOMOGRAPHY 

Through tTi let ua draw a line porallei to scale A. From the ^milar 
trhmglea Ouifj and Oititi, 

X, _ x,~z 

e 

x^ = xjr, - XuZ 
1 1 _£_ 

“ 7 ” Xvt 


vtu/iiu) ( 


In order that the socond term of the Icft-bnnd member shall become 

i/fm , 

, . Z m, 

let — “ — 


from which 


Hcncc, 

If 

then 


1 I mv 

A00'^^‘"z 

Z - 

1 I 1 
Xi(«)'*"/2(0 


Therefore, to construct a chart of the above fonn: 

(re) Gniduato the scales fur /■(!() and /2(e) in accordance with their 
ecalc «iiinlion9, A'u = and A', = iRi/zCe'}, mspectively. 

(b) Locate the scale fur/a(w) bo that 


Z 

t 

(c) Graduate the C-scalc (see Ffeuro 46) with a temporary if scale, 
using the scale equation, 2 = mE/8(u>),and projeetthe points of thla scale 
onto the ta scale by means of parallels to the scale A. 
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ALTERNATE METHOD 

A method for graduating the tu scale directly ran be de\’eloped 
the follo'ving manner: 

By trigonometry, 

^ Z^ + fi-2Zlcos (ISO” - 0) 

- - ZZ* (- cos (T) 

(?) ^ (?) 

- 2^oos»j 




= [7n„® + Wu* + 2»n„jn, cos 0]fa{wy 


X, 

c = [m,* + nja* + 2»/t„in,cos<»j'^/5(u;) 

Tlien let 

X, 


Thcrclore 

mv *» [;bv* + m»* + 2ni„»nv cos 

The ui Boalo 

can 

be located by Ibc rclalion 

Z m„ 


( Vh, 



NOMOGRAPHY 


[CAapfer C 


EXAMPLE 


(Iciia formula) (Figure 47) 


\vhere u = object dtsteuce (0 to 100), v — image distance (0 to 80), 
f — focal distance (0 to 50). 

The Boalc equations arc: 

m,. = T^i X„ = O.Oeu 
where the length ot the u scale U C in. 

X, = w. = sV; X, - 0.05i» 

where the length of the v scale is 4 in. 

Let 8 *. 00® 

m/ ■= (m»* + + 2mum, cos 0)^ 

- (O.Ofi* + 005» + 2 X 006 X 0.05 X 0,6)^^ 

- (0.0030 + 0 0025 + 0 003)^ 

- 0 0955 


X/ - 0 09.5, 
i " 0.06 


5 ^Recall that I 


Only one point, such ns point 50, need be located on the / scale from 
the scale equation Xf “ 0 0965/ The ulbcr poinls may he projected 
geometrically. Tim same » true of the u Kud v siuiles 
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SPECIA1> CASE 1 
If m, ■= irtu and 8 = 120“, 

A’« = «»/sCw) = mufiiiti) 



It can be sbowa easily by gecoDclry tbat wbenever 



the tc scale l^eets the aagie 0; that is, /9 = 8/2 (see Figure 4S). 


Hcocc the three scalee wuuld bnve Uie same modulus, 


EXAMPF,E 

i. + i ai i (Figure 48) 
rj rs r 

Let Ti sad rj vary from 0 to 10 ohms, and r from 0 to S ohms. If the 
scale lengths for ri and r: arc 2^ iu., then 


m,, — « 0.25 

'Iherefore, the scale equations are; 


A*„ 0.25r, and Xr, = O.SSrg 

Since the angle between the sedes is 120°, m, = " 0 25. Tlius the 

scale equation for the r scale is -V, = 0,25r. Again, since tOp, *= 
the r scale bisects the angle between the ri and rj scales. The completed 
chart b shoren in Figure 4S. 
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In chms 

Fia. 4S. Aligomcol Churl fur (ho Equation, — ^ ; 


SPECIAL CASE 2 

116 00®, we have 

»!b « Ij»u* + + iittuViv cos 90®]^ 

»i. -[«,= + m.=|« 



In duns 
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examplt: 

± + ^.i O’®™®) 



it^ln ohm 

Fw. 49. AbgtmwQt Chirt /or Uio Equation, + ~ - 4 ' ■ Tw” Beales at Right 
Ki its n 
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ALIGNMENT 


or 


Let and R2 vary from 0 to 10 ohms, and R from 0 to 5 ohms. 
Suppose that the aoaJc is 4 izu long; that the scale is 3 in. long; 
and that the angle between the scales is 90®. No^v 
»»s, = -^ = 0.4 


Furthermore, 

and 


Xb, = 0.4fii 
”*i*j = ^ — 0.3 
Xr^ = 0 . 3/23 


From the above, it foUows thiit 

10.4* + 0.3*]^* 0.6 

Therefore 

Xr = 0.5R 

The B-Ecale is located by the ratio ■“ 0-3/0.4. 


EXERCISES 



whore u VArles 0 to 6 and 0 varies 0 to 10. 


74. 


where « varies 0 to 10 and p varies 0 to 8. 
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ALIGNMENT CHARTS FOR EQUATIONS OF FOUR 
OR MORE VARIABLES OF THE FORfll 
fi(u) + Uv) + faiw) ••■ = /*(?) 

EXAMPLE 1 
Let us consider the relation 


u + 2i) + 3w = 4t 
Let u •}- = Q 

then ^ + 3u» 4l 

Tliese two equations are of the form disaissed in Chapter Three. 
Suppose (equation I) that » 1 ; m, » then 
X„ - tt and X, = J(2i.) * r 
„ 1 2 1X^1 

vri'v 

If (equation 2) ria - X* = i(3u») •“ vt 

^ i _ I, „ = 

i i' '"i + i i 0 

Therefore X, = ^(40 « 


From the above calculations, we may now proceed to construct the 
chart (Figure TbO). 

Now consider equation i, u + 2i> = Q. Scales it and v are placed a 
convenient distance apart. Scale u is graduated from its scale equa- 
tion, Xu = «; and scale o is graduated from its scale equation, X» = 
a (2i>) = V. The Q scale is located in accordance with the ratio, iriu/jn, 
= 1/5 = 2/1. This suile is 7 H< graduated. 

Now coniader equation 5, Q + 3w = 4<. Sc^e tt> is placed a conven- 
ient distance from the Q scale. Graduations on the to scale are located 
in accordance with its scale cquatiot, Xv -^(3io) = to. The ( scale 
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is located from the ratio, mQlm„ = -J/J- = 1/1. Tho t scale is then 
graduated from the' scale equatioo, Xt = -g-Cd/) = f-i. 

It' should be carefully noted that in meet trf the practical applications 
of this form, it is nectasaiy to locate a point on the fourlli scale (by a 


B-t2p + 3a^4t 



computation from the ^ven equation) before graduating that scale 
The chart is diown in Figure 50. 
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EXAAll'iJE 2 
H = 19.64Ca*V^ 

where R = rale of flow through an oii&cc, in gallons per minute; C = 
orifice coefficient (0 6 to 1.6); d = orifice diameter (0.1 to 1.0 in.), and 
k ^ head (10 to 100 ft). 

Our first step is to wrilc the given equation in type form: 

log B — log 19 64 = log C 4- 2 log tl + ^ log A 

Let log C 4- 2 log d - r (1) 

and log 19.64 — T + 5 1®6 ^ (2) 

Equations 1 and 2 are now of tbe/0Tm/i(u) +/3(c) ^ 'I'lu 

nomograai would look like Figure 51. 

With this arrangement uf se.ales, it will L>« observed that tlie opera- 
tion of the chart would require, first, a line (isopletb) jouuug points ou 


Jt 



no. 61 . 


the C and d scales, 'fhe intemeetaon ctf this line with the T scale (dummy 
or turning axis) would then be jiniied wiUi u paint on the h scale The 
intersection of the latter line with the A aoole would give the result. 
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Now let us try a different aaudysis of tiie problem. Suppose we write 
the equations; 

Case h: 

Iog<7 + 2Iogd= T 
and log R — log 19.64 — J log A = T 


Now the arrangement of scales would look like Figure 52. JVofe: Gradu- 
ations on the h acale will be directed downwardly, since a minus sign 



Fio. 52. 

<7flse c; 


A third analysis of the ^en eqnation diows that we could write: 

log R — log 19.64 = r + |- log A 

and S’ — log C = 2 log d 

Tho arrangement of scales in this case would look iiice Figure 63. 
Note that this arrangement is much better dian the first two, since 
there is greater clarity in operation nnil reading. 

Ha^dng completed the preliminaiy studies, let us now make the 
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necGssaTy conputatlcna (or (he lioal design of the chart which is ahotvs 
above. Conaider equatiea 7 — log C ~ Siogd. 


For scale 0 


me 


or AV 


Sc 4 in. ± 

[log <?„ — log C(J log l.G — logO.6 
10[Iog C log 0.6], scale equation for 0 


0.4 (use 10.0) 


For scale d 


Ad 



2 log 1.0 -2 log 0.1 


= 2[2logd — 2 log 0.1], scale equation for d 


Now 

or 


trie 4 " tixt 
lOmr 
10 + vit 


Sketch layout for 7 — log C 2 log d » shown in Figure 64. 
Now let us consider the cquatioa 




loKff - Io6lft.C4 » r + ilogfl 
h 

7.r> in. 

- I log JO ” ’ 

A’a = 16{a logA ~ j log 10) s» 7.5{log/i •- log 10) 
tnr 2.S 1 


The mtxhilufl /or the P pcnie »s 


mr-yriK 2.5 X 15 

mr + tJifc 2.5 -f 15 

X,; « 2,7-l[ros /7 - lop ffil 


uhcn; Till i? !l jnunl on the I( scale. Tliis point is computed from the 
original etjtiation. 
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The sketcli Inyoul for log iJ — log lOiU = T + ^ log h is shown ia 
Figure 65. The completed diart is shown in Figure 56- 



Fi4 53. 


Tho designer b eautioaed to chock the positioning of the R eenlo in 
each case, before the adoption of the final form. In some coses, it will 
be found that the most desirable form, cose c in the above example, 
may yield one scale whose graduations are not properly oriented with 
respect to the other scales, that Is, one geale may be practically out of 
reach in spite of the fact that the “length” of tho graduated scale is 
satisfactory. 



= 19.64 ca’vr 






Chapter Eight 

PROPORTIONAL CHARTS OF THE FORM 

/.(«) _ f.(w) 

U") A(«) 

This cquatioD can be Rolvcd in a manner similar to that used in the 
preceding problem. This simply means transforming the above equar 
tion to the form 

los/i(u) - »Og/s(*) “ >«g/3(«>) - 

In many cases, however, where the functions are iiaear, the propor- 
tional type alignment chart has a dislmct advantage b that the scales 
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are uniform, thus permittmg more accurate rcadmgs and also simplify- 
ing the construction of the scales. 

Consider the figure shown in I^lguie SI. 

Scales A and B are parallel to each other, and graduated m accordance 
with the scale equations; 


76 
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Xu = »»u/i(w) and X, = mvfs(p), respectively 


77 


In a similar manner, scales C and D are parallel to each other, and 
are graduated in accordance wiUi the scale equations: 

X„ = mafaito) and X, = 

The angle between scales A and C may be of any convenient magnitude. 
Triangles UiVaT and I'li'or are siniilar, hence 


Xb _ nor 


Likewise, triangles WqT^i and are similar, hence 
X„ wqT 


Blit lengths u^T =» w^T-, and v^T » qoT. Tbej-eforo 
Xu _ X„ 

x^ “ x7 


CTu/ifa) ^ muJa(w) 

/i(«) fm 

f2(p) fM 


it follows that 


Wlu, 

m. 


This means that three moduli may be determined from the given data, 
but the fourth modulus will be dqiendcat upon the first three. 
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EXAMPIX 1 (Rgufa 58) 

/ " “ (thickness of a pip© to withstand internal pressures, where P •* 
piesKutc (25 to 100 psi) 

where / •=» allowable stress (3000 to 15,000 psi), d = diameter of pipe 
(10 to 00 in.), anti l ^ thickiteai of pipe to 5 in.). Tim given cqus- 
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Now ' 

5 m. 

m, = lOin- 

and 

Xi = 10^ (scale egaation for t) 


5 in. d: 

jjj, . - — fl 0833 (lisa 0 11 

acd 

60 • V . / 

Xi = O.ld (scale equation for d) 


5 in. zb 

0.000166 (use 0.0002) 

30,000 

and 

Xf = O.OOfG(2/) « 0.0004f 

The modulus for P is now computed from m,/wrrf <= irt^lmp, or lOA*-! 
“ wi3)/0,0002; mp = 0.02 and Xp = 0.02P. (Sec Figure C8 for com- 
pleted diort.) 
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E 




(Rleycr^ evaporation fonniila) (Figure 59) 


where E = the evaporation in inches per month (0 to 10); V ~ satu- 
rated vapor pressure corresixinding to tnoathly mean temperature, 
ti degrees Fahrenheit, which varies from StF to 00°; r •= the actual vapor 
pressure; w = the manthlY mean wiiul velocity, mph (0 to SO). 


= vx ItH. 


where R.H. “ the monthly mean relative hunudtty (30% to 00%) and 
E = 15V(1 - Il.H.)(I + w/10). 


Or 


E 

10 4-ta 


whero F la n function of I. 


1.5(1 - R.H ) 

J_ 

/(O 




C2S 

10 


5 

8' 


Xe 


Range of /(<) b 0.184 to 1.40S. 


0.184 
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Meyer's BraporaCen Forinula 


£=l5(7-j>)(l+-g^ 
t-Monttily mean taniperalurs,’F 



Fig. 59. Meyer'* BvapMsliMi Boriuida, B = 15(V — e} | 
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5 ^rm. 
i- 0.75 

TVrefore wn n = ; Xi, ». « X 1.5(1 - H.ll.) = ^ 

- va - R.H-> 


The nngle between scales A ond C (of I> and 1?) need not be PO®. 
In fact, scale C could coincide with scale A, which means that scale P 



would coincide with scale B. A study of Figuro CO will reveal that 
the above statement is true. 

A\ uqP 
X,” Pro 
tepP 

-Y, “ Ps» 

and since uo a itq ptij rg es gg, 

X, *" .V, 
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Hence, if ~ 

X, = 

= m^sirv) 

X, = «i,A{9) 

7n„ fttip 

and “ “ ~ 

/i(«) /aCw) 

*(.) “ /,(«) 


Variationa of the abcrvo charts are shown in Figures Cl, 62, and 63. 
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EXERaSES 

Hydraulics 

75. * ” ^ Crequircd IhJelcncas •t a fnpe lo withstand an internal 

pressure) 

where t ■» thickness In inches (Oto 3): P “ internal pressure, pounds per square 
ineli (0 to JOO); / « nllotrablc etn.':f^ pounds per equare inch [0 to 15,000); 
d — diameter of pipe in inches (0 to CO). 

76. fi — — (Rej-nolds iiumljcr os used tor fluid motion [0 to 1,000,000]) 

wlicn; V " velocity, feet per rccond (0 to 10); 1 ” chameteristie diiueasinn 
C 0 to 2 ft);*i -« cocflieicnt of viscosity, and lor water is a function of temperature 
pvrn by the fallowing table' 

T 

S2*r 

to 

G3 
SO 
IM 
122 
ItQ 
15S 
17G 
101 
212 


M 

374 X 10-» 
573 X 10-’ 
211 X 10-' 
1C7 X 10-' 
137 X 10-’ 
115 X 10"’ 
©7.8 X 10-» 
81.0 X 10-» 
74 4 X 10-» 
1 X 10-' 
59.2 X 10-'' 


p “ water) 

77. C ■■ (discharge from an orifice or nozzle in cubic feet 

per ercond [0 to 2f^) 

where Crf cocfllficnt of diseharp! (05 to 10); o ■« area of the orifice (0 to 
1.0 EC] lt>; H » head ot water on the onfice (0 to 20 It), p — 32.2 

78. r — i^^^P’i.S**(iclocitymoiiopcndiamaei(0to30flpcrBecond} 

(MaoniRg's fonnubj) 

where n coefficirnt of roughness (0009 to 0.035); f? ■< hydraulic radius 
(0 to 20 (t)i ^ — slope of channel (0 to 001 ). 

79. V — C\/i{S (Chezy (orrauU for sdoetty in an open channel) 

U«e Kune limits as in Droblem 7S. 
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(formnla for a rcactioa turbine) 


where N, = gpeoific speed (10 to 100); N = speed in rprn (100 to 2000); HP 
- horsepower (to lOQO) ; ff = head of water (10 to 200 ft) . 

Strength of Materials 

81. f = (Stress b the outer fibw of a section of a rcotangubr 

beam) 

where M = bending moment wi the section in inch-pounds (10,000 to 300,000 ) ; 
b = breadth of ser.tion, inches (2 to 16) ; ft » depth of section, inches (3 to 20) ; 
/ = fiber stress, pounds per square indi (750 to 1300). 
fife 

82. ^ shess in a beam of any cross section) 

where / « fiber stress, pounds per ecioaro inch (30W5 to 15,000) ; M •» bendmg 
moment on section in inch-pounds (25,000 to 300,000) ; c » distance from neutral 
BS8 where stress is to bo found (0 to 10 in.); I — moment of inertia of section 
(100 to 10.000 in,*), 
d} 

83. P = 0.196 — / (load supported by a belicol compression spring) 


ndrered = diameter of wire corresponding to B. & S. gage numbers (0000 to 10); 
r ta mean radius of spring (0.5 to 2 in.);/ « shearing stress of material (10,000 
to 60,000 psi). 

84. d ™ 08.6 (required Uiaincter of a shaft in torsion) 

where 77 = horsepower to be trnnsrnitted— varies from (0 to 500 hp) ; n «= speed 
of rotation, tpm (0 to 4000); Tmex =* working stress in sliesj, pounds per sqiiara 
inoh (5000 to 16,000); d = diameter (D to 3 in.). 


85. Euler’s column formula: 


P CfB 


where P/A =» critical average stress in pcnuidB per square inch, varies from 
(500 to 20,000); C « fixity mfSRaeal (1 ti>4); B •= tnodulus of elasticity (1 to 
30 nullioa psi) ; L/p ~ radius of gyration (70 to 200). 

Civil 

I* 

86. X = (offset from tiis tangpnt in a spiral easement curve, 

' ‘ lai^ 0 to 75) 

where I — distance in feet from T.S. (paint of spirti), range (0 to 600); Rc = 
radius of circle in feet (300 to 6000); Le = totrJ kneth of spiral in fael (0 to 
600). 
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87. S = ^ (<he "spiral angle" or total irtlinatlon of curve to 

tangent at any point on a s{ura] cascniMit curve, range, 0® to 30*) 
where I = distmcp. in feet from TJi (point of Bpiral), range (0 to COO); Re = 
radius of circle in feet (300 to COCO) ;Lc = total length of spiral in foot (0 to GOO). 

SS. Since D = ‘^'^'^'9'^ , (dcittble.^ra(liiatie (lie R, scale in probiein SC 
or S7 to read D, range t" to 20®) 

89. « — (elation of track in feet) 


where g *» gauge of track; » = velocity in feet per second (0 to 60); B — radius 
of curve in feel (300 to 6000). 

TPi* 

90. C, — (correction to a steel tape due to sag (0 to 0.5]) 

where TT ^ weiglit of tape io pounds per foot (0 to OCtl); L — length of Ups 
between supports (0 to 100 ft). P » applied tendon in pounds (0 to 10). 

91. R “ 16[r — cj (Meyer’s evaporation formula) 

where i! is the evaporation in inches per 30-day month (0 to IS in ). 

Make the substitution for c = <RJI) V, wherevis the actual vapor pressure, 
liil. the relative liumldity, and V the vapor pressure at 100% i'’ ^ 

fiuictioii of temperature as given in problem 10, fuiictlQual eculcs. TT is the 
average wind velocity in mHcs per hour, varying from (0 to 30) and IhH. is 
(30% to 00%). 

Mcdianical 

2irI,iVlt' 

92. HP (horacpowerasmeasuredbynpronybrakelHP, 

0 10 751) 

where L = length of brake arm in feet (0.8 to 1.5); W shaft speed, revolutions 
per minute (0 to 4000) ; TT ° load on scales (Q to 200 lb), 
p, rl'*!**' 

9.1. — — ^ (adiahottr. erpinsuin of air) 

where Pi •• initbil prvwiire (0 to 300 psi); Pi *» finnl pressure (0 to 275 psi); 
)'i ~ initial volume (0 to lOO cu ft): Ti » final vclume (0 to 110 cu ft). 

94. M “ 03155.li (discharge fromn steam nozzle in a turbine 
io pounds per second (0 to 0)} 

where A, = iraL arc.a of nozzle in square inebes (0 to 6); Pi " pressure of stoaco 
(15 to 300 psi); Vi “ spcciCc volume, culac fuel per pound (0 to 2G). 
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D X //■ X P 

95. W ^ (miniDUim wei^i of sqnarc cliimcey required 

to mtbstAJid lorcc of iviud [0 to 300,000]) 
where D = average width of side in feet (0 to 10); Jl — height of chimney in 
feet (0 to 100); F = force of wind — 60 for hurricane which is design condition; 
B = breadth of baso in foot (0 to 15). 

96. Time required for turning or boring work in tiic iatho is expressed by 
T = L/FN, wbera T *= time in minutes for one cut over tlic work; L =• length 
of cut in inches (G to 72) ; W = rpm (10 to 1000); P = feed iu inches per revolu- 
tion (0,002 to 0.30). 

97. Time required for planing ond shaping is expressed by T a W/FN, where 
T = time in minutes; W “ width of work in inches (3 to 00); F = feed per 
stroke in inches (0,01 to 0,25); N = number of cutting strokes per minute 
(2 to 7S). 

Electrical 

98. H = ffisld intensity at any point P os shown by the figure) 

whore J * current in wire in eft-amperes (0 to 500); r = in contimotora (1 to 10); 
d = in centlmotera (1 to 20); // « in lines per square ccclimoter (0 to 60). 



99. ^ ^ (reastanco of a wiro fti ohms (0 to 25)) 

■where I = length of wire in feet (0 to 100); p — specific resistance (0 to 1000); 
D = diameter of the wire (0 to 0.1 in.). 

too. y = njB„„*-''(ergB) (hystercas loss per cubic centimeter per 
< 7 clc in iron) 

where n;, = constant varying from (0.001 to 0.001) for different types of iron; 
J = hysteresis loss in ergs (or convert to watts sinoo one erg = lO"'' watt) 
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8S 


(0 to BO Tvatts); T' = volume rf iion in mine centUneters <0 
maxuuum fiux density (0 to 20,000}. 


101 . 


COS0 


P 

El 


1000}; = 


svliere <j> the phase angle in an altematiug eiinpnt circuit, 0 varipf; (0° to 60°); 
P “ power iu watts as measured by a wattmeter (0 to 1000} ; E ^ voltage of 
circuit CO to 250); / = current in amperes (0 to 20}. 


Aeronautical 

103. L = 0.D023QCt/tT'*(liflofanairtoUinpouiitisn000fo20,000] 
w-hpraCji, » 1irtCQeni«sntofBirfi>i)iit>nlinn(0to20};A •= nnsa of airfoil, square 
feet (100 to 1000} ; 1' = veloaty in nulea per bour (BO to 500} 

103. Pf, »■ (|iniji>d)t'T thrust in pounds [100 U> 1000}) 

where n <> propeller efficiency in % varying from (C5 to 90%); HP = engbe 
horsepower (85 to COO); V ■ velocity of airplane In feet per second (60 to 400). 

104. r » 77.3 ^n~^^CaIispeedatlevetiDfeelpersccond[50to400]) 

where n = propeller efficiency (65 to 00%); <f — W/Ad, where TT is the weight 
uf thn airplane and An is the ctiiiivnlcnt drag arcA in equaro fnet; rf varli» from 
(150 to lODO); P ~ TT/EP, where HP is the horsepower ot the engine, P vanes 
from (1 to 15). 

105. K “ (aspect ratio of a wing, vanes [4 to 8]) 

where K — Jlonk’e spnii factor for Npbnes, for mnnophura BT — 1 0, variia 
from (1 to 1.5); b » span of ioDgest wing in feet (20 to 60), A = total wing 
area in square feet (0 to 1500). 

Clicmical 

106. Q = 0 010386^1 (Paraday’s law of ^eetiolysis; Q = ^ >s the 
quantity deposited per second due to electrol^wis and vanes [0 to 10]) 

where a the atomic weight (select a number of elements used m electrolysis), 
k = the valence of the element (1 to4};s = elecltte current in amperes (1 to 10). 

■ iSnfSeoJ I" i" 0 Ik I" ™ 'll) 

whereP — pressure in pounds persquareimiabsolute (10 to 1000), m = molec- 
ular weight (2 to 200) ; t ■= tcmpenUire pl“ to 600*1'')- 
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108. TF = VNM (fcitratianeqostioaTrtjere 7 nuUiliters of iV normal 
reagent are rcqxiired to titrate W grama of a substance, tlie 
the milliequiTaloit of whidi is M) 

where V = milliliters (10 to 25); N = normal reagent (0.1 to 0.5) ; M = roilE- 
equivalent (0-02 to 0.20); T7 = gramE of ^bsiance (0 to 2.5). 


General 


109. 


C = 


TFT” 

qR 


(centrifugal acting on a body due to a rotation) 


where TF = weight in pounds of thehody (1 to ISO); F = velocity in feet per 
second (1 to 50); /8 «« the radius of tiie path in feet (0.1 to ID); g = 32.2; 
C ■» centrifugal force is pounds (0 to 1500). 


110 . 


w 20 + ft 
V '"20 + f» 


where u varies from 0 to 10; «< varies from 0 to 10; <t varies from 0 to 100; it 
varies from 0 to 100. 


111. (AJi) ■» L a (fe — fi), increase in length of a bar due to tem- 
pm^ture changes 

where L ^ length of bar (0 to 100 ft) and a = coeflicieot of expansion as given 
by the following table; 


Aluminum 0.0000244 

Lead -0.000029 

Wrought Iroa and mild stool — O.OOOOJl 
Crown glass » 0.000009 


Hardened steel — O.OOOOlO 
Copper -0.0000171 
Dross - 0.0000198 
Tin -0.000027 


{li — h), change in temperature m degrees Centigrade (0® to 100®) 

112. f — PRT, pimple interest law) 

where / = interest (0to$400);P - fainmpal ($lto$1000);n = rate of interest 
per year period (4 to 8%) ; I’ = time or period in (0 to 5 years) (subdivide 

time scale into mouths). 

113. A = ^6c sin a — area of a triai^e shown in the figure 



= (20° to 100°); 6 — (0 to 10};c — (0 to 10); A = (0 to 50). 
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fM 

m 


An equation of the above form can be solved by a combination ot 
two types abeady discussed (F5g\?te C4)- 



FiaM. 


Let /iM+Zafr) = 7 (1) (3 parallel scales) 

Mv)) 

and r = (2) (Z chart) 

U(2) 

or /aW = TMq) 

Noiv let us consider anotlier metbod lor solving Ibe above equation 
(Figure 65). Suppose that the paraUd scales, A and B, arc graduated 
in accordance Trith the scale efiuations: 

Xu ■« mufliu) 

X, s= 'ni,/2(v) 

and that the scale A also carries graduations for the /sCu), the scale 
equation of \vhich is Let us further suppose that the 

90 
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diagonal is graduated in accordance with the scale equation Z, 
VI, fM- 



A study of Figure 65 reveals the following relation: 

X„ + X, x„ 

K “ X, 

since tziangles CAD and Cv’iqi are similar. 

Or t?tv/i(w) + ^ Wm/ 3 (u>) 

If 

then = bib 


and 


or 


TOu _ WIb 

K m. 


Mb 

Hence, to construct an alignment diart of the above form: 

(a) Graduate tlie left side of scale A from its scale equation, Z,. 

mJiW. 
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(6) Graduate scale B from *= mafsfp). 

(c) Graduate tte right ade of scale A from its scale equation, 

= Ww/sCw). 

((f) Graduate the diagonal scale from X, =-» wheTe = 

Kma/ptu- 

Caulion: X)o not overlook the fact (liat point C is the aero value of 
functions tt, to, and 9; that point D is the zcn> value of function v. 


EXAlVfPLE 


V 


^/5 
9 U 


73* + d®^ (volume 


of a buny) (Figure 60) 


where h " height of buoy (0 to 10 ft); 73 — diamcLer of midsectioii (0 
to 10 ft), d « diameter of bane (0 to 10 ft); tvnd V -• volume of buoy. 
5 , , fK 

Then - 23* + d’ = — , which is ol the form 

4 vh 


Xd 

Xi 

X, 


/•(«) +/,(») • 


/>(te) 

' /4(8) 

^ 0.06x^ “ O.07CD* (scale length, 7.5 in.) 

M O.OOd* (eeafe length, 0 in.) 

to, 9F - 0.001 X 9F O.OODV (scale length approx. 7 in.) 


or 


K 

Kmv _ 0.001 X K _ 0 1 30 
mg 0.06 6 *• 


0.55 in. 


Xa 


O.Sh 


Exnmrildi (Jiiwr 73 =s 8, d*= 10; & = 5. ,So?idfonT Join pouita 8 and 
10 on tliB 73 and d eeale, respccUvcly. Through point 5 on the h scale 
draw a |»aralli.'l line. This line cuts the V scale in point V = 315. By 
computation, V = 314.29. 
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If the equation ia of tl»e fomi / i(m) —/*(«;) = positive 

values of w and v will be laid off in the same direction, lliis is shown 
in Figure 07. 



AgoiSj if 


and 


Then 


X. - X, Xu, 

K “ X, 

X„ •» 

X, = «,/a{v) 
X„ = 

X, - >R,/«(9) 


K 

Mu) -/,w 


w, 

/«(«) 


EXAMPLE 

= ^ CFigumOS) 
42 

tt (0 to 6); B g> to 5); q 0) to 6) 
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Example: Given: it ** S; i> = 3; 5 = 4. 

Rfquircd: to. 

Solution. Join points 5 and 3 on llie u and v scales, respectively. 
Through point 4 on the 9 scale, dratr a line parallel to line 1 and re^ 
ur = 255. By computation, ia *= 25C. 

If it is desired to construct a nomogram for an equation of the type 
forni/i(u) 4 - /s(u} — /3(w)//i(9) bo that no double scales will be neces- 



rio-G?. 


Rory, nnolher arrangenent can be made which will overcome this 
situation. 

Let us consider Figure G9, Seales h and w are at right angles. Simi- 
larly, ec.nic g and the diagonal AB, which joins the zero values 
of functions u and v, arc at right angles. Scales u and v are 
parallel. 

The geometric rcladons can easily be determined by Btudying fl typ- 
ical cn.^. Suppose lino J joiiM any two points ti, ond Vj. Then let us 
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fir:ur lino. 2 througli point » 7 i and penjcndiculnr to lino 3. TLe inter- 
soation of line 2 with the q scale tcill give us point 51 , the dosiix>d solu- 
tion. Wiy is this (nie? 

In Figure G9 it will Iki seen that line BC is parallel to line 1. Again, 
triangles ABC and Dqi\Ci are similar. Tlicrcforo 
A'u + Xp Xu, 

K ~ 

Tfic remainder of the development is the same as sliorvn pre^’iously. 

There is an advantage in this design over tlic one which uses parallels, 
in (hat ( 1 ) there is a soptirato scale for each function and ( 2 ) the read- 
ings can bn made by i)laciiig a transparent sheet, having but two lines 
at right angles, over the oomograin. Proper orientation of the lines can 
be made very quickly. 

EXERCISES 

114. A « ^ (area of a trapezoid) 

[— t. — 



whore fn (0 to 100); h: = (0 to SO); d = (0 to 50); A ~ limits correspondiDB. 

115. Weight ol a hollow steel tube: U' «« j ^ ^ 

where IF « the vvight (0 to 100 lb); f *=tlu: length in inches (0 (o 100); d == 
the oiitdilc tiiaineter (0 to 2 in.); d, >= the inside dinmetcr (0 to 1.9 in.); p = 
(k-nsily c' -159.0, /172S ill per cu in. 

U6. fvV ® (pi -1- Pi) 

v.liciT Fis the volutiieol caT{h\Torl:pcrfl!rtiou;pj -{- 713 ate avor.age pliiiir-.iT.-.-r 
rv:\di«5rs ia square inclie.-i from Ore ctosa section drawings, and K ls c 
on (he h-ngth <nfecUonand (hescalc: F = <0 to 1000} in c-.F:: 

Pi (!r ;>• (0 £0 10). .and K ™ roRcSpcmding limits. 
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117. ^ (WdlThi^iessBensttrity) 

where F is the tensile strength of a metal or alloy, t is the tHckness, it anti “a" 
SIC constants depending on the kind ^ ««^tpTi«e 
F = (10 to 60 leg per sq ma) 

Jt » constant (10 to SO kg per sq nun) 

1 = (1 0 to 00 mm) 
a = (0.2 to a7) 

118. R — (_P — £j)£55,000 (strength of a riirefed steel plate between 

nvet holes) 

■where P ia the pitch of the riireU and d the dbuictet. 

F- (OtoSto) 
tf- (Otol in) 
ff-(0 to 100,000 }h) 

< - (0 to I in.) 

I*. 

119. Y "«*'<ntlooft«Bs!onsiaai«peBS«doverapuUc7asthoTm 

‘ ia the figure where Fe is the larger puU) 


Td varies (I to 100 Ib) 
Tm vanes (1 to 100 Ih) 
H varies (0 to 0.4) 

8 varies (0 to «-) 
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ALIGNMENT GHAUTS FOR THE SOLUTION OF 
EQUATIONS OF THE FORM 
/l(u) + /sW-W®) = 

Suppose tte parallel scales, A and B (F^re 70), are graduated in 
accordance with the scale equations: 

Xu = mufiiu) 

It is further supposed that a straight line joining points uj and Vj 
outs the curved sc^e, C, in point Wi, which satisfies the equation. 



Points on the scale C are located by eo-ordinates, X„ and Y^. Let 
us develop expressions for X^, and 

99 
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From tlic similar triangles (^ladcd), 

Xu-Y„ 

y^- K-X,j 

from which X„{K - » KY^ 


m„/i(u) + mjxif) ] 



Thia ia true since Xu = mii/i(«0 ami A', >= m./jCr) Careful study 
of the above equation will show thiat Xu>/iK ~ A'u.) must equal Cft(,w} 
and that the right-hand member, J7r»/(K — A'„) must equal Cj/^Ou) 
In order to obtain the equation /i(u) +/a(f) faiw) « /»(u), it will be 
seen that C •• mu/m, and Ci ~ m. This iscoss that 


From 


and from 


K-Xu 



KmufaM 
mu/aCw) + m, 

m^ACir) 

Kmuftiv)) — XvTRbACw) 
K 


or r, = "tu/iW 7~rr~, 

w«/a(w) + m, 

y u, 

mufaiv) + m. 

Hence, to construct an alignment chart of the above form, 

(1) Graduate the A and B scales fnxn their scale equations: 

Xu = my/iCw) 

A', mjifo) 
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(2) Locate the curved scaJet^ its co-ordinates: 

nWsCw) + ifh 

y _ *»i«Wa(«’) 

»hj3(to) -J- m, 

Caiiiicn. The aas from which distances are laid off is the line 

which joins the zero value ot function, with the zero value of 

function, /a(u). 


EXAMPLE 

w* -f pw + ? = 0 (quadratic formula) 
Transposing 3 + pw = — w® 

which k of the form 

Xf ■ nt^s = 0.63 
Xp = mpp ~ 0,6p 

where-fli, and -% were arbitrarily chosen as 6.6. 

^ ^ Km^fg(w) 

If X = 6 in. 

^ _ 6 X 0.6 X w 5u> 

“ 0.6w -1- 0.6 ~ 

y _ 7H^»H/4(w) 

wiufaiut) + m, 

_ 0.6 X 0.6(-w^) _ -0.6w>* 
0.6w + 0.6 w + 1 
See Figure 71 for graphical solution. 
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EXERQSES 

120. Q — 3-33(13 — (Fhinds formula for the quantity of 

mter flowing ova a oontracted weir) 

where jB = width of the weir in feet ^ to 5); ff = head over the crest (0 to 
5 ft); Q ~ calouiate limits. 

121. S «= VqI — igP (distance traveled t^n body projected upward 

with a velodty os, after a time, t) 

where S •= distance in feet (calculate limits); i/c = velocity in feet per second 
(0 to 100); ( = time in seconds (0 t« S); and g — 32.2. 

122. = 0.0982 (section modulus of a hollow tube 

whose outside and inside diameters arc D and d, respectively) 

where D varies (0 to 10 in.) and d varies (0 to 9 in.). 

7* 22 58 

123. V = 0.&49 (specific volume tn cubic feet of super- 

P P 

heated steam under a pressure of p pounds per square inch 
and witi) a tempcralurc, T, in degrees Fahrenheit) 
where T varies (250 to 000); p » (30 to 200). 

124. V “ d- (volume of ftsphertcal eegment with one base) 

whore A is the altitude of Uic segment and r the radius of the sphere, r varies 
(0 to 10 ia.) and A varies (0 to 10 in.). 
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Xv = X„ = mafiiw) 



Xu a + b+X 
X^~ X 


x„ _ b + X 
c~ X 

IM 



CkapcT II] 
Eliminating X, 
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and amplifying, 



a + 6 



hXt, -f- o-X"i, 

- (a +T+^^„ 


^ bmvJi(u) + fl»re,/i(v) 

mj/4(g) c»n./i{tt) - (a + & + c)wv/s(f) 


a + 6 + c = e — 


and 


m» a>Rr 
ntfl cjn. 


it can bo shonm that 




By algebraic manipulaticm of the three previous substitutions. 


m„ + m. 





o + b + c 


— (Intermediate steps are left 
*”*' to the reader) 
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2. The type form dlscufsed atwve can be repreeentai by an alignment 
chart of the design tdiovm in Figints 73. The scales for /i(w) iin<i/2(ti) 
are at right angles; likennse, the scales for faitv) and /<(?) are at right 
angles; and a 45° angle esasta b^ween the /i(«) and scales. If 
values til, *^1) selected, the value of qi is obtained by drawing 

a line through Ui, parallel to the line joining m with vi. 



XiOt us examine the geometry of tlie figure. Triangles UiVtf and 
Ui^O are similar (from the comtnicUoo siiuwn). Therefore, 

UjC 4- CB _ PjB 

iilo Ho 

viS 

Xu -X,"^ AO 

Also, triangles AOvi and isiCsi are arnilar. Hence, 

Ovx £• 

AO ^ X, 

Oil = ojB 

X, 4-X. _ X„ 

Xu -X,~X^ 


Sinco 
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X. 

Xa = "WaC'U’) 
X, = m,U(q) 

- WaW mJiOd 

This means that = tn^ asd *»» = if 

Mu) +Mp) /»(«>) 

/l(«)-/s(f)“/4(«) 


3. Ma) Mv) + Mw)-fM~fs(.<l) 

Let (1) 

and r+/3(io)-/,((7) =/*(ff) (2) 

Thus a combination of a Z chart and one involving two straight lines 
and a curve can be formed to solve the above equation' (Figure 74). 



-/sf!/)- 
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2. Tlie type form rllfcusscd above can be represcnterl by an nlignnieiit 
chart or the design eboivn In Figure 73. Tlie scales l'or/i(«) and /sCu) 
are at right angles; likevrise, the scales for /aCif) and /4(g) are at ri^t 
angles; and a 45* angle extols between the fi(u) and /s(w) scales. If 
values Vj , and tcj are selected, the value of gi Lb obtained by drawing 
a line through Wj, parallel to the line joining ut with Vi. 



let us examine the geometry of the figure. Triungles and 

U\,A0 arc similar (from the construction shown). Therefore, 

ti,C + CB ViB 

«i0 AO 

+ viB 

" X„~X,~ AO 

Also, triangles AOvi and tojCqi ere mmilar. Hence, 

Out Xv 

Ovi = ViB 

Xu + X, ^ 

Xu -x,"" x. 
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MISCELLANEOUS POEMS 
If X, = mufiiu) 

X, = tn^fsiv) 
Xu, = niufa^w) 

X, = iV*<5) 

tljea Wi./i(«) + gH/a(p) ^ 

mu/i(«) - m4a(fi) wt,/<(5) 

Tills means that njo = and = »»« if 

/l<») +/3(P) 


3. fiiuyUv) + la(.w) fM - m 
Let * r (1) 

and r + /3(tt>)7*(ff) “/sCs) (2) 

Thus a cambicatioD of a Z chart aod one involviag two straight lines 
and a curve can be formed to solve the above equation' (Figure 74), 




Pig. 74. Alignment Chart for an Eqaation of the Form, /i(u)'/2(o) +/8(t£i)'/4(o) 
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4. /i(«) + /j(o)-/s(ir) = (Figure 76) 


Let /a(p)-/aC») = T 

and /iM + r“/4(s) 



T 

Fin 7B AUgnmeet Ckart tar ao Equatloa of t^s Form, /iCu) “ /t(?) 



X„ = jn„/i(u) Z “ mJsiw) 

X, = mMv) I - «v/3(u>)A(«’) 



miscellaneous forms 
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Z — maSziya) 

and i = nWsCwWiW 
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in the following manner: 

1. Graduate a temporary w scale along the horizontal scale for 

2. Draw lines through points cm the temporary ir scale, parallel to 
the V scale. 

3. On these lines lay off distances obtained from I = m„fs(w)ft(w), 
using the same value of te> through which the parallels were drawn. 


6. fi(u) f3(v)-f3(u>) = fM-f6(r) (Figure 77) 



Pig. 77. Combination FtoporUonal imd Z Cluit for on Equation of the Form, 

/l(«). T 

Ms) M«) 


Let 


(proportional chart) ( 1 ) 
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and 


/gfr) /a(tg) 

T t 


( 2 ) 


or 


/bW = cy*(») 


(Z chart) 


Note: An alternate form could be developed by expressing the given 
equation logarithmically, resulting in nn abgnment chart having parallel 
scales 


7. /i(«) = /.(«)-/s(r)-/«(5) (Figure 78) 


/l(u) 

T 

<0 

/«(?) 

“/sfr) 

hir) 

/j(«) 

fai 

T 

/.(») 
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8. DESIGN OF NET CMABTS 
Problems involving four variables may also be solved by a net chart 
whicl) makes it possible to read all four variables with one isopleth. 
The principles involved in the dcagn of this type chart are the same as 
those employed in the dcaga of a diart of the form, fi(u) +f2iv) = 

fsM- 

EXAMPLE 

Suppose the ^ven equation is 5 = Voi + where S = distance 
traversed in feet (0 to 15), Fo = initial velocity in feet per second (0 to 
10), a = acceleration in feet per second^ (0 to 4), and t — time interval 
in seconds (1 to 4).‘ 

SfiMirin. Let t = 1, 2, 3, aad 4. Witt these values for I, the follow- 
ing cquationa result, nomdy: 



(1) 

5 - 2Fo + 2a 

(2) 

S-3Fo + |a 

(3) 

5= 4Fo+-8a 

(4) 


All the above equation ore of the forin./i(tt) ri-ZsCt) = /sfw). 

Consider the first equation, S =» Vo 4- o/2, It may be written 
Fo — S " —a /2 to conform with tlic type equation /i(w) -f- /s(v) ™ 
/sOr). Suppose that the desired length of the Fo S scales is 10 
units; then, the scale equations are: 


= Fo and X. = |5. 

1 X v 2 

Prom the above moduli, the modulus for the a scale is ? = - ; and 

1 + 1 5 

its position is determined from the ratio 5 = - . The scale equation 
5 2 

for a then becomes X* = ^o/2) = o/5. The chart for the equation 
Fo — 5 = —a/2 is shown in Figure 79. 

Now, consider equation 2,8 = 2V^ + 2a. This equation can be re- 
written in type form as 2Fo ~S = —2a. 

if we are to use the same Fo and iS seal® as shown in Figure 79, the 
effective moduli for the scale equations, X,,, = mvo(2Fo) and X, = m.,S 
must he the same as those used in eqoation 1 . 

Tjiis means that ot*, must equal y in order for the effective modulus 
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to equal one. Therefore, the scale equation for K© in equation 2 ia 
A'., = -5(2Fd) = Vo. 

Since the coefficient of 5 ia the same in both equations 1 and 2, no 
change in modulus for the S scale is necessao’- Note, however, that 


the location of the a scale ia determined by the ratio 


i ? 

I“4- 


The chart for equation 2 is shown in Figwi SO. 



l''io. 79. I'ml Step u Desgmag a Net Cliart for tlio Kciuatios, S = VoC + 
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Fia. SO. Sueond Step in DcaigniDg a Net Chart for the Equation, .9 = Fgt + 
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Tf the two diarta are supearposed, the resulting chart, Figure SI, would 
be obtniued. 

It should be cleat that aimilac calcuhitiotis for equatious 3 and 4 
would be necesaaiy to cuznplete the net chart. It ia not necessary to 



<«4 1=3 

Fls. 81. Net Chart for the Equation, S = Vtl 4- 


make separate charts for ea^ of the four equn^ons, since the Vo and 
S scales are the saino in all cases. CkdculAticms for positioning the a 
scale are neceswry and, in addition, the moduli for the a scales must be 
computed in order to greduate these scales properly. Finally, curves 
drawn Ihrougli like values of o wiD establish the net for the variable a. 
The net for the variable, t, conasts of the vertical lines which first 
carried the values of a when t equaled I, 2, 3, and 4. The completed 
chart is shown in Figure 81. 
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EXERCKES 



wiien / = fiber Btress (SM to 2500 pa) ; { 
W = total load (1000 to 12,000 Ib); b - 
of beam (4 to 18 in.). 

126. = 


= loigth of wooden beam (5 to 30 ft) ; 
width of beam (2 to 12 in.); d = depth 

PP 

48«J 


where A » defieetion of a eiinplo beam with a concentrated load at the center, 
in inches; P •= concentrated load (500 to 10,000 lb); I = length of beam (80 to 
300 in,); E = modulus of elasticity (2 X 10' to 30 X 10* psi); / = moment of 
inertia (1000 to 20,000 ia.'). 


127. 


WP 
° KEI 


where A is dcfloctloa in inches of simple beams loaded as foEows: (a) uniformly 
(X ■ 884/6), (5) load increasing UDiformly to one end (/C = 1000/13), (c) 
load itinreasing uniformly to the center (ff ~ 60); IT » total load (10,000 to 
800,000 Ib) ; E and I oa above; and I ■■ (120 to 6W in.). 
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StBIRtA-RY or TYPE FOT»TS 

1. /i(w) + fj(v) = fa(w) 

Scale equationa: 

•= 

X, = n^tfy) 



fl{<C +/i(«) “>S(w) 
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3. 

Scale equations; 


MISCKLLAKEOXJS FOaMS 

/i(«> + 

Xn “ 


X, = mMv) 


X„ = KfsM 
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hio)" fsia) 

Scale equations: 

Xu “ »Wi(«) 

X, =* 

Location of u> scale: 


Graduate » scale hy 

(a) Z = mjaiw) and parallela to u scide, 
or (b) X„ = [m,* + m,* + 2jnum, cos 




miscellaneods forms 
/i(u) + fM + /3(U') • • • = 


Sgc Type 1- 


e cquEitions: 

A'u - vuji(v) 
Xv “ m,fe(v) 


f,(u) fiiw) 

faiv) W) 


A, * w,/4(2) 


and 




8. ftiu) + fa(vi — 

Same aa la 7. Alternate form trf diart ehown below. 
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PRACTICAL SHORT-CUTS IN THE DESIGN OF 
ALIGNMENT CHARTS 

If the desigEer ia thoroughly groimtled in the theory of alignment 
charts and fully understands the mathematical methods employed in 
changing a given equation to a type fonn, it is frequently possible to 
ehort-cut the actual construction of the chart. 

EXAMPI.E 1 

Suppose that the given equation is ilf u'P/8 (bending moment in 
foot-pounds}, ■where the ranges are u> (10 to 300 lb per ft) and 1 (5 to 
30 ft). 

If a chart coneisting of parallel scales is desired, the designer recog- 
nizes the fact that the equation can be converted to tho form: 

log tr+ 21ogJ - logJlf +log8 

The chart can now be constructed without making any further cal- 
culations. The followine procedure is suggested: 

1. Draw two parallel lines any couvenlent distance apart. 

2, Graduate tlie left-hand scale for w by simply marking the lower 
point 10 and the upper point 300. Other points on the Kcale may 
be located by projecting from a log scale (two-deck slide rule scale 
or commercial log sheets having two docks). 

3. Mark the lower point of the f scale 5 and the upper point 30. 
Again, locate additional graduatioos by projecting from a log ecalc. 

4, Now calculate two points for JIf, i.e.: 

(a) Let ui = 40 and 2 “ 10. This yields if = .100. 

(2>) T.et U) =* 160 and I = 5. Hiis yields SI “ SOO. 

The point in which the line jmmng 40 and 10 intersects the line join- 
ing 160 and 5 is point SI = 600. The vertical line through this point 
locates the M scale. A second pewt on this scale can be now located 
122 
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fay letting tp = 40 and Z = 30, idiidi yield M — 4500. Tfae line joining 
1(1 = 40 with I = 30, then cuta the 3f scale in point 4500. Other points 
may be obtained by projecting from a log scale. The completed chart 
is shown in Figure 82. 



Fic. 82. AUgomiffll Cli.'ui. lor the Equation, J(f » Coastnictcd fay the Short- 

OztMeOiod. 
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EXAMPLE 2 

Consider the equation, 

S = 0,0082 ^ (sGcliuiL modulus foe tubes and bars) 

where D and d = (0 to 10 in.) and S >» (0 to 100 
The equation may be converted to the form, 0.09S2il^ + DS !» 

O.OOS2DS which ia in the typefonn./ifu) +/aM‘/s(w) s= 

The chart will consist of two 
parallel scales for d and S re- 
spectively, HDtl a curved scale for 
JJ A preliminary sketch of the 
chvt woidd look Bomethlag like 
Figure 53. 

The foliowiBg procedure is Bug- 
gestod: 

1. Draw the d and S scales a 
convenient distance apart. 

2. Mark the lower point on the 
d scale, 0 and the upper point 1(1. 

3- Likewiss, m.ark the lower 
and upper points on tho iSI scale 
0 fujd 100, itspectively. Since 
the function of S is Imear, this scale will be uiuform and can be 
readily graduated. 

4. The d scale can be gradn.ated by first laying out a d* scale and then 
prujecling this scale tu fliedscola 

5. If S = n, then d* = !>*. Draw lines tliroiigli ,5 = 0 and points nn 
the d scale. Somewhere on these lines will be found the corresponding 
values of D. 

6. Now let tl «■ 0; then DS = 0.0983ZJ*. From this equation, wc can 
determiuB v.alues of S for^ven values of £>. 



Fia. S3. 


D 5 


S 1 12.3 


Now draw lines through d = 0, and the values of S shown in the table 
above. 



Chapter Thirteen 

THE USE OF DETERMINANTS IN THE DESIGN 
AND CONSTRUCTION OF ALIGNMENT CHARTS 

^lost studeats find the geometric method discussed in the previous 
chapters a simple and direct approach to the design and construction of 
alignment charts. It is felt, howev», that an introduction to the method 
whidi employs deteiminants is dedrahle so that students will be enabled 



to comprehend, more fully, treatments based on determinants ex- 
clusively. 

Let us conrider Figure 85. The area of the triangle may be obtained 
by the difference between the area of trapezoid 3 and the sum of the 
areas of trajiczolds 1 and 2; or 

Area of triangle 

= Kfe + “ ==») + &a + - * 2 ) - + y3)fe - a;i)I 

126 
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In determinant form this wonld be ' 

xi t/i 1 
^ = i iCa Vi 1 
ys 1 

If point laVa were placed on the line jdning XiVi with XsVs, the points 
are said to be co-linear, or the area of Uie triangle is zero. Hence 
xi yi 1 

xa Ua 1 =0 

*3 y? 1 
xi yt 3 

or when *3 Fa 3 “0 

*s ys 1 

the points xiyi, xaj/s, and xsyj are on the saino lino. 

EXAMPLE 1 

Suppose we have the determinant 

0 w 1 

* ’ ' .0 

1 5 ' 

1. Ti^at does the determinant mean? 

2. How can we construct on alignment chart from this detenninant? 
In order to answei- the first question, we must learn how to expand, 
or evaluate, the determinant, which ia done in the following manner : 


= 0 


(a) Multiply 0, v, and 1. This is step 1 (see arrow). 

(b) Multiply 1, w/2, and 1. This is st^ 2 (see arrow). 
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(c) ^lultiply -j, 1, and «. TTiis is step 3 (see arrow). 

(d) Add the results of steps (o), (fi), and (c). Thus far we Lave: 


Kow start in the upper right-hand comer. 

(«) ^lultiply 1, V, and This is step 4 (see arrow). 
(/) Multiply 1, w/2, and 0. TTm is step S (see arrow). 
(g) Multiply 1, 1, and m, Thia is step fi (see arrow). 

(A) Add the results of steps e,J, and g. This is 


Finally, subtract h from d, i.e., 



or u + V — tt> “ 0 

Now with regard to the second question. If ws consider 0, u as 
xivi; 1, v as xaM ond as may plot points for u, v, and 

u by nssigaing dennile values such os 0, 1. 2, 3 ■ • ■ n to e.tch. 

Since the s value Is zero for all values u, all points of v will lie 
on the F o.'ds. likcn'ise, since xj = 1, oU points of r will lie on a line 
parntlel to the V axis and one unit to the right. Similarly, sj = 
and nil points of tu ^\-ill lie on a line parallel to the V axis and a \ unit 
to the right. It should be observed that aince ys = w/2, the distance 
between consecutive values of ip will be half the distance between con* 
eecutive values of u or v. 

A straight line which joins a point on the « Bcalc with one on the v 
scale will cut the w scale in a value wfaich satisfies the equation w + v 
= w (Figure SG). While the above material is easy to follow, one may 
wonder how the determinant 

I 0 u 1 

1 1 * 1 
< w 

|5 2 ‘ 

was developed in the first place. This could have been done by trial 
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and BiTor, observing that the i^it-hand c<dmua must consist of ones, 
and that only one variable shonld appear in each row. 

A better approach, one which fa direct and matiieinatically correct, 
is this: 

(o) First, write the equaticm w + » — w = 0. 


y 



minaDts. 


(J>) Second, let x = u, and y — v. 

(cj Tliird, write the expressions 

I- «= 0 

p — p = 0 

x + y — w — Q 

It should ho noted that we now have three equations in x and y. If 
they ate consistent, the detennmaht mode up from the coefficients of 
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X and y and the constant term mnst vanish. [See Bocher’s text Intro- 
duciion Co Higher A Igebra (Chapter Four).] This means that 


1 0 
0 1 


«= 0 


The value of this determinant is ti + v tt). You will recall that the 
determinant must be in the form 

1 *1 Vi 1 I 
*2 Vz 1 « 0 

xj Va 1 1 


before the chart can be constructed. Hotv can tre manipulate the deter- 
minant in order to transform it to the form. 


0 u 1 I 



Let us start vvntb 

I I 0 -tt I 

0 1 -p =0 

1 1 — «B 1 

Column 1 may be replaced by the eum of columns 1 and 2, yielding 
I 1 0 u I 

j 1 1 !• I = 0 (Note column 3 above was multiplied by —1.) 

I 2 I u I 

Now the bottom row may be divided by 2, resulting in 

11 0 «| 
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By intercbaogkig colmnnB we get, 


0 u X 



which is known as the “design determinant." All the steps shown 
above are pami^ble when the Tniuo of tlie determinant is zero. Ruies 
for operating detciminanls arc available in any good aigebra textbook. 

EXAMPLE 2 

Gwen; u + vuj «= 

Ee^uircd; The design detemunant. 
iSolulten: Let s = u and y = v. 

Now T — w = 0 (1) 

y-p-O (2) 

s + J/W - tu* =* 0 (3) 

If these equations are consistent, then 
I 1 0 -a 
0 1 =0 
1.1 w -w* 

Replace column one by the sum of the first two columns. 


1 0 a 

1 1 i» =0 

M + 1 « W* 


Divide the bottom nny by w 4- 1. 


1 0 
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Rearrange the colunma 


0 u 1 

1 • 1 

2 “ ® 

w+1 to + l 

Construct tiie c'hart Jrom iJie above dctcmi\n:Lat (Figure 87), 



Pointa on the la scale can be plotted from the follnwing co-ordiuntes: 


Tip to this point no mention has been made of scale moduli. In prac- 
tical alignment eburts this is n consideration. 
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EXAMPLE 3 

Suppose we consider the equatioa u-\-v = w again. Let us assume 
that M varies from 2 to 10 and that v -raiies from 5 to 15. You will 
recdl that we had wittcaa the expressions, 

*-u = 0 


* + y ~ w = 0 

Now, however, let us introduce the bcjJo moduli by writing 
X — WtuU = 0 
y — nt^ = 0 
X y 

and 1 u> ■= 0 (ance u + v — w <= 0) 

OTu 

We can write the detorxninant, 

0 —ni^u 

1 —rnyV 


because the three equations above are consistent, This deterininaiit 
may be reduced to the “dcMgn dctciminant” in the following manner; 


1 0 mull 


I 

0 »»B?« 


1 0 JBuM 

0 1 m^v ' 


1 

1 «i„t> 


1 1 mvV 

1 1 


mv + « 

, 1 


^ niu Wu^v 

mu mu “ 


77iu»B„ 

nit 


+ jHv wiu + mu 


ntaV 

ntumv 


1 mu + fOa -i- inv 

If the lengths of the u and v scalra are 6 i) 


~ Design Determinant 


and 
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The deagn detenninant hccomcs: 

I 0 |« l' 

1 -gu 1=0 

U ^ 1 

The chart is constructed from iIim detenninaiit fFiRurn 88). It 
should be noted that the u and v scales are graduated from points 2 



FiQ. 88. Chart for thn Equ.iUon, u + « = w. Constructed by the McUiod of Dcter- 

and 6 respectively. A poiab on the w scale is obtained from the rela- 
tion w + V = to. 
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GENERAL REMARICS 

1. An equation which can be reduced to the determinant, 

0 /i(w) 1 ■ 

Mp) /«(«) 1 =0 

fiivi) fsM 1 

will consist of a straight line tt scale; and curbed scales for v and w. 

2. If the determinant is of the form; 

A(«) /aCw).l 
Mp) Mp) 1 =0 

/5(u>) 1 

the alignment oliart will consist of three curved scales. 

3. Ceslgs determinants of the form: 

I 0 /.(H) 1 

t M») I =0 

l/3(«.) ; 0 I 

will result in a chart having two parallel scales (w and k) and a trans- 
verse line for scale w. 

The reduction of a ^ven equation to the design determinant form 
frequently requires ingenui^ and resourcefulness on tlie part of the 
designer. As one develops facility in mauipulating determinants he 
will evolve short-cuts that will save much time, 

In most cases the geometric method will be adequate for the design 
of alignment charts. However, complicated expressions, especially those 
which residt in charts having two or three curves, may be solved more 
easily if the equation can be expressed in determinant form directly. 

Projective transformations can be handled very nicely if the deter- 
minant forms are employed. The interested student is encouraged to 
consult tlie bibliography for a edlectdon of books which stress the method 
of the determinants. 
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density of fluid in a pitot tube tra- 
Terse, 164 

dcidallon of a set of scores, 170 
diametor of bolts under tension, 143 
discharge of rvater to atmosphere, 159 
engine Tpm, 139 

Citings, resistance to flow of fluids, 
151 

flow, power developed from etreams, 
148 

flow of fluids, resistance of valves and 
fittings, 151 

flow of liquids, in pipes, EcjiioIdsinuB- 
ber and friction factor, 153 
fluid pressures, sbcl! thickness to wiU>- 
stand, 144 

fluids, comproBsible, pitot tubs for- 
mula for, 165 


Al^nmcnt cliarts for determining 
fliuds, dmisity of, in a pitot tube trav- 
erse, 164 

focal loigth of thin lenses, 161 
&icUoD factor for flow of liquids in 
pipes, 153 

impedance, characteristic, of lines, 
angle wire in trough, 168 
soUd (flclcctric concentric lines, 169 
Icngtlis of V-bclt8, 146 
lenses, focal length, 161 
lines, characteristic impedance of, 
angle wine in trough, 1G8 
solid dielectric concentric lines, 109 
liquids, viscosity foe, 166 
pressure drop for turbulent flow, 157 
load on round m'rcs, 142 
moments, bending, 149 
pipes, pressure drop in, 140 
Reynolds number and friction fac- 
tor, 163 

pitot tube, fonnula for compressible 
fluids 165 

traverse, density of flmd, 164 
power, developod from stream flow, 

118 

requited to pump water, 147 
pressure, bM thitincss for, 144 
pressure drop, in liquid line (turbulent 
Sow}, 157 
in (npe line, 149 
production calculator, 163 
prophecy formula for reliability of 
lengthened teste, 172 
re^nnceof valves and fittings to flow 
of flwds, 151 

Reynolds modulus for air, 160 
Reynolds number for flow of liquids in 
}npcs, 153 
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Alignment chart* /or <}etefmicir»E 
rpm, eapne, 139 

abcU thtckncfs for fluM pressures, 144 
Spearman-Brown prophecy formula 
for reliaHlity of leDEthcned tet, 
172 

standard deviation of a set of ecoTE^ 
170 

stream flaw, power developed troco, 
148 

Btrengtb, of AmerieaB Standard bolts, 
141 

lurtaonai, of shafts, 140 

teuioa, bolt diameters under. 143 

tldclmess, ebeU.forfiiudpresruica, U4 


AhEtmient charts for deter mini ng 
tMsxreial strength of shaft*, 140 
lobe, pilot, formula for eamprcasible 
Atuda, 1S5 

travciBC, density of fluid, IC4 
tnbing, weight of, 162 
turbulent flow, pressure drop in liquid 
linos, 157 

Tolves, nsiistauce to flow of fluids, 151 

V-belt lengths, U.l 

viscueity of liquids, 15S 

water, discLareed to atmoephece, 150 

power required to pump, 117 

tveight of tubinc< 

wire*, brealciog load, 142 
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These are examples of alignment charts which may prove useful in 
the fields of engineering, pcoductian, buan^s, and statistics. 


E - 336»R«S 


EXAMPLE : 

R’ 6:| ' BEAD ON "e" 

S^aSHP.a EcElOOR.P.H. , _5D00 
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Fig. lA. AJigument C3iart to Determine En^e R.P.M. 
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Chart ftrdelenrtnlnc htcidingm 



300, CTO 
20000Q 



]J30S 

2,000 
SOM 
't,000 
6 WO 
BOOO 
10,0 m 


CCOTO 

aooM 

too.ooo 


2.aoo.®o 

3.000. 000 

4.000. 000 


J 30,0Mfl00 
40,003,000 
50,000.000 

i’lo 8A. Chart Eor Determining Bending MomeDta (Courtesy rroduei Pn/irtrertn(7.} 
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10 20 30 40 50 60 80 100 200 300 400 


Tranperature, in depees fahrenhsit 

Fio. 15A. Vitcosit? of Various liquids. (Goartesy Crane Co.) 








aciion Calculator. (Comtek Ciobsl^ Inc., Atm Atbor, Mich.) 
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ICG 



(Courtesy Podcral TofephoDB Ra^o Corp ) 

depeadJ on ipaclnje iS) and Ien(Ui (/) of dellorflv] Haaea, aad Ueir dataoeo (fj to tba srrooin A 

koe from (/] aM (5) aralaa Ij oifondoj toaala U). Aon latter bhiaKlioB a acaood linol4 drm 

to (£.) anlo Inlonootlnc aru (?) From <ba pmat, a third l>na fa drawn Ihrouali iU aad oltondsd 

toiolataoetB/Factda ailrlt. tS), U>,(td. Sad (If) raa^aUba la aay convaalmt ayrUm oldjiamnalnaa. 
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Fio. 2BA. ChBxacterietic Impedance cf lanes— Goncentrio line, Solid Dielectric. 
(CoutCe^ Federel Telephone ond Radio Corp.} 
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INDEX 


Actual modulus, 14 
Adjacent scales, 19-21 
circumference of a circle, 20 
conversion of inches to conUmetere, 19 
for equations of the form/j(w) = Mv), 
lth2l 

for solution of tho formula, 

C = tD, 20 
U » sin V, 21 

y = 21 

2,54/ = C, 19 


value of the sine function, 21 
volume of a sphere, 21 
AUsnmont charts, 10, 25-75, 99-108, 
122-135 (see also Z ebarie) 
nlternato methods, 61, 106-107 
iKuding moments, 122-123 
combined wiUi Cartesian coordioalc 
chart, 10, 11 

’n'iUi proportional chatty 100-110 
construction, 27, 44, 00, 100-101 
flow through an oiifico, 70-76 
for equations of the form, 


/i(u) 44-63, 116 

A(tO +/2(i>) - 26-36, 116 

fM -h fiiv) = ^ , 64-68, 1 17 


+/a(t') +/a(t<’) 68- 

75, 119 

/i(t‘) =/4{io), 99-103 

fM +/2(i0'/»(ie) 108, 121 

/iM-/j(e) +/»(») •/«(s) =/6(9),107 
1 1 1 


/i(u)'/j(iO /s(tc)’' 

1 , Mw) . 1 

/l(u) /3(li) /jflu) ’ 


, 104-107 


Alignment charts, for 

equations of the form, 

/i(u) +M») fM 

Mu) -M») Mq) ’ 

loos formula, 02-63 
moment of inertia of a rectangle, 32-34 
Dcgativc values, 36 
positive values, 36 
practical short-cuts, 122-125 
resistances in parallel, 64-67 
section moddus for tubes and bars, 
124-125 

sohitioDs of the formula, 

/ = 1^, 32-34 
M = 122-123 

R = 19.SiOd^VTh 70-76 


-u, 28, 32, 127-131, 188-134 


pw 5 “ 0, 101-102 


use of detenninants, 126-135 
Z chart (see Z chart) 

Alternate methods, for aligurocnt charts, 
GI, 100-107 

for pruportioncl charts, 96-97, 120 
lor Deharts, 106-107 
AnKQdh, 139-172 
Appendix index, 137-138 
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INDEX 


Bax cHarl, 1 

Bare aod tubes, Eeatinn modulus of, 124— 

125 

Bendjng moments, 122-123 
Bibliography, 136 
Buoy, volume of, 93-94 

Cartesian co-ordinalu clmrta, 4-11 

for equation of the form Jifii) + 

m +U«^) - Mv), 3 

graph to determine engine rpm, ?-6 
graphical evaluation of beat eloragu 
and transfer cbaractpristioi, 7, 0 
Fnliitun of the formula 
« + y + M • ?, 5 
vv •• S-6 

uw - ?, 6-r 

coatbiaatlonvritbalisanient chart, I(K 
11 

nomograph fur detormi rung Uic ouin- 
ber of srenndfl of gT(*r> light for 
traffic dgnals, 11 

solution of formula u + o — T, 4 
Cartesian coordinate system, 2-11 
family of iMtallcl lines, 3 
lugaritlimlc Scales, 3, 6, ^ 

]»iir<l uf lines, 6 
CiieiiTnfcFPUoo o! a circle, 20 
Column fortrmVi, S5-67 
Combination charts, alignment chart and 
Cartesian co-ordinate chart, 10, J 1 
alisnment chart (Z chart) and propot- 
tioosi chart, 109-110 
Cartesian cxndmale charts, 3, 5 
prupurtiooal ehatte, 110 
Construction uf, nLgnmcnt cliarlc^ 27, 
44. 60, 100-101 
proportional chart, 91—92 
Z chart, 44 

Conversion of mches to centimeten, 19 
Cylmder, volume of, 46-49 


/iM+ZjW -■^.90-98,120 


Kngnr, rpm, B 

Eqnadons (see also Solutions of formula) 
of the form 
/iCtO =/t(e), 19 
/i(b) “/iM'/jlf), 41-53. 116 
/iM +/*C<0 -fiW. 25-35, 116 

/i(“} +/»(“> “7 

/aCit) 

■ /-(«> ' 

/•(«) +/iW +/!(») =/iW.3 
/ifu) +/s(y) +/»H - - - - Mg), 6S- 
75, 119 

/•(n) +Jtiv) /i(w) - 89-llC 
/i{n) +fm Mv) - /4(y), 108, 121 

/iW M*) +/!(«’) Mg) ” Mg), m? 
SM /t(s} AW 109-110 

AN Mt,) Mio) - /*[?) Mr) ACi), 110 

7/1 + 7^ - 7^ » 118 

AN fsAh StW 

_}_.AW _1_ 

AN fM ' 

/t(«0 AW . 

/»<») ”A(8>‘ 

AN +JM AW ,r,4_,, 
AN-A(>) 

RvupuniUoD formula, 80-62 


AW ’ 

^ 70-89, 119 


Fnraily of partitlel linea, S 
Flow through an onfioc, 7D-78 
Formula (see Solutions of the formula) 
Factional scales, 12-24 
adjacent scales, 19-21 
fur the function, 

/<») - u’, 12-13 
/C«) - u -t- 2, 14 
- V5, 15 

Aid “^1 16 


Design determinant, 135 
Deign of net charts, 111-114 
Determinants, 10, 126-IS5 

Kffectivc modulus, 14 
Engine, horeepower, 51—53 


A«) log u, 16 
negative values, 16 
non-adjacent scales, 22-24 
suggestions for drawmg scales, 16- 

17 

suggestions for graphic precision, 17 



Gordon column formula, 55-57 
Graphical scale, 12 
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Heat storsgG and transfer oharaRterigUea, 
7,9 

• Horsepower of an automobile eti^e, 61- 
53 

Initial point, 12, 16 
Introduction, 1 

Logarithmic scales, 5, 6, 7, 32, 70, 76 
- Lens formula, G2-G3 

Meyer's evaporation formula, 80-82 
Modulus, actual, 14 
eRoctive, 14 
scale, 14 

Moment of isertia of a rectangle, 32-34 


Proportional oharte, 
construetion, 91-92 
for cqunlions of the form, 

/i(t4 , 90-98, 120 


=/<{8)-/5(r), 109- 


110 

= fi(q) -/sW-ZeW, 

110 


AM 

/sW 


Meyer's evaporation formula, 80-82 
solution of the formula. 


E = 15(7 - ") (l + ^) . 80-82 
P<f 

‘ = ^. 78-79 


Negative values, oUgmneat charts, 86, 43 
functional scale, 10 
Z obart, 48 

Net charts, 111-114 
solution uf tbu ferinulaf Tgl + 
111-114 

Nomo^aph to detarmino the nninbcr of 
seconds of green light for traffic 
siguuls, 11 

Non-adjacent scales, for equations of the 
form/i(u) - /ate), 23-24 
solution of the formula 2.641 • C, 23, 
24 


t»* - (.* = r. 04_97 

4? 

V-y(jD»+d»), 92-94 ' 

Ihickncss of a pipe to withstand inter- 
nal pressures, 73-70 
vohaao of n buoy, 92-94 

Rectangle, moment of inertia, 82-34 
Reference point, 12, 15 
RcMSlancea in paraEid, 64-67 


Orifice, rate of flow through, 70-75 

Parallel resistances, 64-07 
Pencil of lines, G 
Pie chart, 1 

Pipe thickness (or internal pressure s, 78- 
79 

Positive values, alignment chart, 36, 43 


Seale, equatiwi, 6, 6, 7, 32, 70, 76 
logarithmic, 18 
modulus, 13 

Kiuplifiod method for Z charts, 50, 51 - 
58 


Practical short-cuta, 123-125 
Profile chart, 1 
Proportional charts, 76-98 
alternate forms, 96-97, 120 
combination of, 1 10 
combined with alignment (Z <jiartj 
chart, 109-110 


C - wD, 20 

E = 15(7 - «) ^1 + , 80-82 


■ ~144L=’ ’ 
^k)QOr2 


55-57 
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Solution of the fonnula, 

I =. 32-54 

II - iwP, 122-123 

fl » 19 04al’TA, 70-75 

^ i i , 64-07 
S = 0 0982 124-125 

S- Pei-hiefi, 111-314 


u - mnv. 21 

u + u - 29 - 32 . 127 - 131 , IS 9 -I 34 

u + w + tu^j.S 
u 4- 2ti 3iv 41, 09-69 
1 * - » - u, S 5 -S 0 
u + a - i*u, 15-16 
u -h ten - u', 131-133 
tfl, 6-6 

UMfl - 9, 6-7 

u* + {>u+9«0, 101-103 
u5 - (pS - i , 94-67 



02-04 

V - i^T^, 21 
2 . 54 r - C, 10 
Sphere, rslume of, 21 


Thickness of pipe for ioteniil pieesnie, 
78-79 

Tubes and bars, section modulus, 124 - 
125 


Volume of. bucy, 93-04 
cinder. 46-49 
sphere, 2 ! 


’ charts, 43-58 (>re also Aligmnent 

charts) 

sllenute fcmi, 106-107 
combined Trith proportional chart, 109 , 
110 

caostmelion, 41 

for equations of the form. 


/i («4 -/jW /jM. 4 - 1 - 53 , 116 
/l(u> +/s(v) , 64 - 68 , in 


fiM 4- Mr) /»(») -Mt). 108 
Mu) Mr) + MuD Mi) - Mi), 107 
Mu) /sW M't) • /i!e) 109- 

110 

^ 104-107 

/,(u)-A(«) Mi)' 


Ourdon coliuaa formula, 59-57 
horsTporrer dsTcInped nutcnoblls 
enednu, 51-63 

simpliSed method, 50, 51-68 
solution of the fonnnta, 


41-53 


w,000 „ 

f — - 3 ®'“-' 

^ ■^OOOOf* 

« 4- 2 = rhs, 45-46 


vahimc nf a c^lInLier, 40-49 
Zero point, 12 , 15 



